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a stop, and
a second lens unit which includes a plurality of lenses,
wherein
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disposed nearest to an object, and
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OPTICAL SYSTEM AND OPTICAL
INSTRUMENT, IMAGE PICKUP APPARATUS,
AND IMAGE PICKUP SYSTEM USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a continuation application of
PCT/IP2013/075153 filed on Sep. 18, 2013 which is based
upon and claims the benefit of priority from Japanese Patent
Application No. 2012-208980 filed on Sep. 21, 2012; the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical system, and an
optical instrument, an image pickup apparatus, and an image
pickup system using the same.

2. Description of the Related Art

In a case of observing a minute sample, a method in which,
first, the overall sample is observed, and a region to be
observed in detail is identified, and thereafter the region to be
observed in detail is magnified and observed, has hitherto
been adopted. As an image pickup apparatus to be used in
such method, an image pickup apparatus which magnifies
digitally an image that has been captured, and displays the
magnified image is available. As an optical system to be used
in such image pickup apparatus, an optical system described
in Japanese Patent Application Laid-open Publication num-
ber 2012-173491 is available. Digital magnification of image
is called as digital zooming.

Moreover, if conventional optical systems, such as optical
systems for microscope, are differentiated according to a
difference of a type of image formation, they will be divided
into two types namely, optical systems of finite correction
type and optical systems of infinite correction type. In the
optical system of finite correction type, an object image is
formed at a finite distance by a microscope objective.
Whereas, in the optical system of infinite correction type,
light emerged from the microscope objective becomes a sub-
stantially parallel light beam. Therefore, in the optical system
of infinite correction type, an object image is formed by
combining the microscope objective and a tube lens.

As aforementioned, in a microscope optical system of the
infinite correction type, a microscope objective by which, the
light emerged becomes substantially parallel light beam, has
been used. As an example of the microscope objective, a
microscope objective described in Japanese Patent Applica-
tion Laid-open Publication No. 2008-185965 is available.
The microscope objective described in Japanese Patent
Application Laid-open Publication No. 2008-185965 has a
numerical aperture (NA) of an extremely large value on an
object side (sample side), such that a numerical aperture on
the object side is 0.8. This microscope objective is used with
the tube lens, and at this time, if a numerical aperture on an
image side is small, a bright and sharp image cannot be
formed.

SUMMARY OF THE INVENTION

An optical system according to an aspect of the present
invention is an optical system which forms an optical image
on an image pickup element including a plurality of pixels
arranged in rows two-dimensionally, which converts a light
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2

intensity to an electric signal, and a plurality of color filters
disposed on the plurality of pixels respectively, comprising in
order from an object side,

a first lens unit having a positive refractive power, which
includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the first lens unit includes a negative lens, and a positive
lens which is disposed on the object side of the negative lens,
and

the following conditional expressions (15), (16), (19), and
(20) are satisfied:

ps-1.1 (15)

0.08<NA (16)

1.0<WD/BF (19)

0.5<2x(WDxtan(sin™ NA)+Y,,,,)/,<4.0 (20)

where,

[ denotes an imaging magnification of the optical system,

NA denotes a numerical aperture on the object side of the
optical system,

WD denotes a distance on an optical axis from the object up
to an object-side surface of the first object-side lens,

BF denotes a distance on the optical axis from an image-
side surface of the second image-side lens up to the image,

Y,,; denotes a maximum object height, and

¢, denotes a diameter of the stop.

Moreover, an optical system according to another aspect of
the present invention is an optical system which forms an
optical image on an image pickup element including a plu-
rality of pixels arranged in rows two-dimensionally, which
converts alight intensity to an electric signal, and a plurality of
color filters disposed on the plurality of pixels respectively,
comprising in order from an object side,

a first lens unit which includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the following conditional expressions (16), (21), (23-1),
and (24-1) are satisfied:

0.08<NA (16)

0.01<D,,, /$,<3.0 1)

0.6<L,/D,,; (23-1)

0.015<1Ad,,, ~1/vd,, . (24-1)

where,
NA denotes a numerical aperture on the object side of the
optical system,
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D,,.. denotes a maximum distance from among distances
on an optical axis of adjacent lenses in the optical system,

¢, denotes a diameter of the stop,

L, denotes a distance on the optical axis from an object-
side surface of the first object-side lens up to an image-side
surface of the second image-side lens,

D,, denotes a distance on the optical axis from the object to
the image,

vd,,,, denotes a smallest Abbe’s number from among
Abbe’s numbers for lenses forming the optical system, and

vd,,,. denotes a largest Abbe’s number from among the
Abbe’s numbers for lenses forming the optical system.

An optical system according to still another aspect of the
present invention comprising in order from an object side,

a lens unit Gf having a positive refractive power,

a stop, and

a lens unit Gr having a positive refractive power, and

the following conditional expressions (4-1), (5), (9-1), and
(13) are satisfied:

0.08<NA,0.08<NA’ (4-1)

—2<p<-0.5 &)

0<d/2d<0.2 ©-1)

—20<Af, Jed<20 13)

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system,

[ denotes a projection magnification of the optical system,

d, denotes a distance on an optical axis from a surface
positioned nearest to the image side of the lens unit Gf up to
a surface positioned nearest to the object side of the lens unit
Gr,

2d denotes a sum total of lens thickness on the optical axis
of an overall optical system,

ed denotes an Airy disc radius for a d-line which is deter-
mined by the numerical aperture on the image side of the
optical system, and

Af_,denotes a difference in a focal position on a C-line and
a focal position on the d-line, which is a difference in posi-
tions at which light is focused when parallel light is made to
be incident on the lens unit Gr from the stop side.

Moreover, an optical system according to still another
aspect of the present invention comprising in order from an
object side,

a lens unit Gf having a positive refractive power,

a stop, and

a lens unit Gr having a positive refractive power, and

the following conditional expression (4-1), (5), (10-1), and
(13) are satisfied:

0.08<NA,0.08<NA’ (4-1)

—2<p<-0.5 &)

0<dy/Sd<2 (10-1)

—20<Af, /ed<20 13)

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system,

[ denotes a projection magnification of the optical system,
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d, denotes a distance on an optical axis from a front prin-
cipal point of the lens unit Gfup to a rear principal point of the
lens unit Gr,

2d denotes a sum total of lens thickness on the optical axis
of an overall optical system,

ed denotes an Airy disc radius for a d-line which is deter-
mined by the numerical aperture on the image side of the
optical system, and

Af_,denotes a difference in a focal position on a C-line and
a focal position on the d-line, which is a difference in posi-
tions at which light is focused when parallel light is made to
be incident on the lens unit Gr from the stop side.

Moreover, an optical system according to still another
aspect of the present invention is an optical system which
forms an optical image on an image pickup element including
a plurality of pixels arranged in rows two-dimensionally,
which converts a light intensity to an electric signal, and a
plurality of color filters disposed on the plurality of pixels
respectively, and for which, a pitch of pixels is not more than
5.0 um, comprising in order from an object side,

a first lens unit which includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the following conditional expressions (16), (18), and (25)
are satisfied:

0.08<NA (16)

=30<(AD 25 HAD 14X o2 /(1 +P2 X AD G ac!

Je20)))/es<30 18)

0.15<D,/D,<0.8 (25)

where,

NA denotes a numerical aperture on the object side of the
optical system,

ADg, s denotes a distance from a position of an image
point P, on a d-line up to a position of an image point on a
C-line, at an image point of the first lens unit with respect to
an object point on an optical axis,

ADg, - denotes a distance from a position of an image
point on the d-line up to a position of an image point on the
C-line, at an image point of the second lens unit, when the
image point P, is let to be an object point of the second lens
unit,

ADg, .0 and ADg,,- are let to be positive in a case in
which, the position of the image point on the C-line is on the
image side of the position of the image point on the d-line,
ADg, ;o and AD, ;- are let to be negative in a case in which,
the position of the image point on the C-line is on the object
side of the position of the image point on the d-line,

B g2c denotes an imaging magnification for the C-line of
the second lens unit when the image point P, is let to be the
object point of the second lens unit,

f 5, denotes a focal length for the C-line of the second lens
unit,

€, denotes an Airy disc radius for the d-line, which is
determined by the numerical aperture on the image side of the
optical system,

D, denotes a distance on the optical axis from the object up
to the stop, and
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D,, denotes a distance on the optical axis from the object up
to the image, and

the object point and the image point are points on the
optical axis, and also include cases of being a virtual object
point and a virtual image point.

Moreover, a microscope which is an example of an optical
instrument of the present invention, or an image pickup appa-
ratus of the present invention comprises, the optical system
described above, and an image pickup element.

Furthermore, an image pickup system of the present inven-
tion comprises, the image pickup apparatus described above,
a stage which holds an object, and an illuminating unit which
illuminates the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view along an optical axis show-
ing an optical arrangement of an optical system according to
an example 1;

FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 1;

FIG. 3 is a cross-sectional view along an optical axis show-
ing an optical arrangement of an optical system according to
an example 2;

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 2;

FIG. 5is a cross-sectional view along an optical axis show-
ing an optical arrangement of an optical system according to
an example 3;

FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 3;

FIG. 7 is a cross-sectional view along an optical axis show-
ing an optical arrangement of an optical system according to
an example 4;

FIG. 8A, FIG. 8B, FIG. 8C, and FIG. 8D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 4;

FIG. 9 is a cross-sectional view along an optical axis show-
ing an optical arrangement of an optical system according to
an example 5;

FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 5;

FIG. 11 is a cross-sectional view along an optical axis
showing an optical arrangement of an optical system accord-
ing to an example 6;

FIG.12A, FIG. 12B, FIG. 12C, and FIG. 12D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 6;

FIG. 13 is a cross-sectional view along an optical axis
showing an optical arrangement of an optical system accord-
ing to an example 7;
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FIG.14A, FIG. 14B, FIG. 14C, and FIG. 14D are diagrams
showing a spherical aberration (SA), an astigmatism (AS), a
distortion (DT), and a chromatic aberration of magnification
(CC) respectively, of the optical system according to the
example 7;

FIG. 15A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 15B, FIG. 15C,
FIG. 15D, and FIG. 15E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 8;

FIG. 16A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 16B, FIG. 16C,
FIG. 16D, and FIG. 16E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 9;

FIG. 17A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 17B, FIG. 17C,
FIG. 17D, and FIG. 17E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 10;

FIG. 18A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 18B, FIG. 18C,
FIG. 18D, and FIG. 18E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 11;

FIG. 19A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 19B, FIG. 19C,
FIG. 19D, and FIG. 19E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 12;

FIG. 20A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 20B, FIG. 20C,
FIG. 20D, and FIG. 20E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 13;

FIG. 21A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 21B, FIG. 21C,
FIG. 21D, and FIG. 21E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 14;

FIG. 22A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 22B, FIG. 22C,
FIG. 22D, and FIG. 22E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 15;

FIG. 23A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 23B, FIG. 23C,
FIG. 23D, and FIG. 23E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 16;

FIG. 24A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 24B, FIG. 24C,
FIG. 24D, and FIG. 24E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 17;

FIG. 25A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 25B, FIG. 25C,
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FIG. 25D, and FIG. 25E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 18;

FIG. 26A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 26B, FIG. 26C,
FIG. 26D, and FIG. 26E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 19;

FIG. 27A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 27B, FIG. 27C,
FIG. 27D, and FIG. 27E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 20;

FIG. 28A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 28B, FIG. 28C,
FIG. 28D, and FIG. 28E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 21;

FIG. 29A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 29B, FIG. 29C,
FIG. 29D, and FIG. 29E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 22;

FIG. 30A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 30B, FIG. 30C,
FIG. 30D, and FIG. 30E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 23;

FIG. 31A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 31B, FIG. 31C,
FIG. 31D, and FIG. 31E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 24;

FIG. 32A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 32B, FIG. 32C,
FIG. 32D, and FIG. 32E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 25;

FIG. 33A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 33B, FIG. 33C,
FIG. 33D, and FIG. 33E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 26;

FIG. 34A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 34B, FIG. 34C,
FIG. 34D, and FIG. 34E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 27;

FIG. 35A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 35B, FIG. 35C,
FIG. 35D, and FIG. 35E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 28;

FIG. 36A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 36B, FIG. 36C,
FIG. 36D, and FIG. 36E are diagrams showing a spherical
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aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 29;

FIG. 37A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 37B, FIG. 37C,
FIG. 37D, and FIG. 37E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 30;

FIG. 38A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 38B, FIG. 38C,
FIG. 38D, and FIG. 38E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 31;

FIG. 39A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 39B, FIG. 39C,
FIG. 39D, and FIG. 39E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 32;

FIG. 40A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 40B, FIG. 40C,
FIG. 40D, and FIG. 40E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 33;

FIG. 41A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 41B, FIG. 41C,
FIG. 41D, and FIG. 41E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 34;

FIG. 42A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 42B, FIG. 42C,
FIG. 42D, and FIG. 42E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 35;

FIG. 43A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 43B, FIG. 43C,
FIG. 43D, and FIG. 43E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 36;

FIG. 44A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 44B, FIG. 44C,
FIG. 44D, and FIG. 44E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 37;

FIG. 45A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 45B, FIG. 45C,
FIG. 45D, and FIG. 45E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 38;

FIG. 46A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 46B, FIG. 46C,
FIG. 46D, and FIG. 46E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 39;

FIG. 47A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 47B, FIG. 47C,
FIG. 47D, and FIG. 47E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 40;

FIG. 48A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 48B, FIG. 48C,
FIG. 48D, and FIG. 48E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 41;

FIG. 49A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 49B, FIG. 49C,
FIG. 49D, and FIG. 49E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 42;

FIG. 50A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 50B, FIG. 50C,
FIG. 50D, and FIG. 50E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 43;

FIG. 51A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 51B, FIG. 51C,
FIG. 51D, and FIG. 51E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 44;

FIG. 52A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 52B, FIG. 52C,
FIG. 52D, and FIG. 52E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 45;

FIG. 53A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 53B, FIG. 53C,
FIG. 53D, and FIG. 53E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 46;

FIG. 54A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 54B, FIG. 54C,
FIG. 54D, and FIG. 54E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 47;

FIG. 55A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 55B, FIG. 55C,
FIG. 55D, and FIG. 55E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 48;

FIG. 56A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 56B, FIG. 56C,
FIG. 56D, and FIG. 56E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 49;

FIG. 57A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 57B, FIG. 57C,
FIG. 57D, and FIG. 57E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 50;

FIG. 58A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 58B, FIG. 58C,
FIG. 58D, and FIG. 58E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 51;

FIG. 59A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 59B, FIG. 59C,
FIG. 59D, and FIG. 59E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 52;

FIG. 60A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 60B, FIG. 60C,
FIG. 60D, and FIG. 60E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 53;

FIG. 61A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 61B, FIG. 61C,
FIG. 61D, and FIG. 61E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 54;

FIG. 62A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 62B, FIG. 62C,
FIG. 62D, and FIG. 62E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 55;

FIG. 63A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 63B, FIG. 63C,
FIG. 63D, and FIG. 63E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 56;

FIG. 64A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 64B, FIG. 64C,
FIG. 64D, and FIG. 64E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 57;

FIG. 65A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 65B, FIG. 65C,
FIG. 65D, and FIG. 65E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 58;

FIG. 66A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 66B, FIG. 66C,
FIG. 66D, and FIG. 66E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 59;

FIG. 67A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 67B, FIG. 67C,
FIG. 67D, and FIG. 67E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 60;

FIG. 68A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 68B, FIG. 68C,
FIG. 68D, and FIG. 68E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 61;

FIG. 69A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 69B, FIG. 69C,
FIG. 69D, and FIG. 69E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 62;

FIG. 70A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 70B, FIG. 70C,
FIG. 70D, and FIG. 70E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 63;

FIG. 71A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 71B, FIG. 71C,
FIG. 71D, and FIG. 71E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 64;

FIG. 72A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 72B, FIG. 72C,
FIG. 72D, and FIG. 72E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 65;

FIG. 73A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 73B, FIG. 73C,
FIG. 73D, and FIG. 73E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 66;

FIG. 74A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 74B, FIG. 74C,
FIG. 74D, and FIG. 74E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 67;

FIG. 75A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 75B, FIG. 75C,
FIG. 75D, and FIG. 75E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 68;

FIG. 76A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 76B, FIG. 76C,
FIG. 76D, and FIG. 76E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 69;

FIG. 77A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 77B, FIG. 77C,
FIG. 77D, and FIG. 77E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 70;

FIG. 78A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 78B, FIG. 78C,
FIG. 78D, and FIG. 78E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 71;

FIG. 79A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 79B, FIG. 79C,
FIG. 79D, and FIG. 79E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 72;

FIG. 80A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 80B, FIG. 80C,
FIG. 80D, and FIG. 80¢ are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 73;

FIG. 81A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 81B, FIG. 81C,
FIG. 81D, and FIG. 81E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 74;

FIG. 82A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 82B, FIG. 82C,
FIG. 82D, and FIG. 82E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 75;

FIG. 83A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 83B, FIG. 83C,
FIG. 83D, and FIG. 83E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 76;

FIG. 84A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 84B, FIG. 84C,
FIG. 84D, and FIG. 84E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 77;

FIG. 85A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 85B, FIG. 85C,
FIG. 85D, and FIG. 85E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 78;

FIG. 86A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 86B, FIG. 86C,
FIG. 86D, and FIG. 86E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 79;

FIG. 87A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 87B, FIG. 87C,
FIG. 87D, and FIG. 87E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 80;

FIG. 88A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 88B, FIG. 88C,
FIG. 88D, and FIG. 88E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 81;

FIG. 89A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 89B, FIG. 89C,
FIG. 89D, and FIG. 89E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 82;

FIG. 90A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 90B, FIG. 90C,
FIG. 90D, and FIG. 90E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 83;

FIG. 91A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 91B, FIG. 91C,
FIG. 91D, and FIG. 91E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 84;

FIG. 92A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 92B, FIG. 92C,
FIG. 92D, and FIG. 92E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 85;

FIG. 93A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 93B, FIG. 93C,
FIG. 93D, and FIG. 93E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 86;

FIG. 94A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 94B, FIG. 94C,
FIG. 94D, and FIG. 94E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 87;

FIG. 95A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 95B, FIG. 95C,
FIG. 95D, and FIG. 95E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 88;

FIG. 96A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 96B, FIG. 96C,
FIG. 96D, and FIG. 96E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 89;

FIG. 97A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 97B, FIG. 97C,
FIG. 97D, and FIG. 97E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 90;

FIG. 98A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 98B, FIG. 98C,
FIG. 98D, and FIG. 98E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 91;

FIG. 99A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 99B, FIG. 99C,
FIG. 99D, and FIG. 99E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 92;

FIG. 100A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 100B, FIG. 100C,
FIG. 100D, and FIG. 100E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 93;

FIG. 101A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 101B, FIG. 101C,
FIG. 101D, and FIG. 101E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 94;

FIG. 102A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 102B, FIG. 102C,
FIG. 102D, and FIG. 102E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
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a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 95;

FIG. 103A is a cross-sectional view along an optical axis
showing an optical arrangement, and FIG. 103B, FIG. 103C,
FIG. 103D, and FIG. 103E are diagrams showing a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC) respectively, of
the optical system according to an example 96;

FIG. 104 is a diagram showing an arrangement of a micro-
scope which is an optical instrument;

FIG. 105 is a diagram showing an arrangement of another
microscope which is an optical instrument;

FIG. 106 is a diagram showing an arrangement of still
another microscope which is an optical instrument; and

FIG. 107A is a diagram showing an arrangement of still
another microscope which is an optical instrument, and FIG.
107B is a diagram showing a state that the microscope is
fixed.

DETAILED DESCRIPTION OF THE INVENTION

Prior to description of examples, an action and effect of
embodiments according to certain aspects of the present
embodiment will be described below. At the time of describ-
ing concretely the action and effect of the present embodi-
ment, the description will be made by citing specific
examples. However, similar to cases of examples that will be
described later, aspects to be exemplified are only some ofthe
aspects included in the embodiment, and there are a large
number of variations in those aspects. Consequently, the
present invention is not restricted to aspects that will be exem-
plified.

For instance, in optical systems from an optical system
according to a first embodiment up to an optical system
according to a seventh embodiment, by imparting a function
of an objective lens to a lens unit Gf, and by imparting a
function of an image forming lens to a lens unit Gr, it is
possible to form an optical system of a microscope as an
optical instrument. An embodiment of the microscope will be
described later.

Inthe following description, a ‘sample image’is let to be an
‘image’ appropriately, and a ‘sample’ is let to be an ‘object’
appropriately.

Moreover, in the following description, a variable (such as,
a focal length, an imaging magnification, and a numerical
aperture) of which, a value changes with a wavelength, is with
reference to a d-line unless specifically noted. Moreover, {3 is
used for a magnification of an overall optical system, but {3 has
been described as a projection magnification or an imaging
magnification. Furthermore, optical systems of the following
embodiments are optical systems with a fixed focal length.
However, an optical system may be equipped with a focusing
function.

An optical system according to a first embodiment will be
described below. The optical system according to the first
embodiment comprises in order from an object side, a lens
unit Gt having a positive refractive power, a stop, and a lens
unit Gr having a positive refractive power, and includes at
least one pair of lenses which satisfies the following condi-
tional expressions (1), (2), and (3), and one lens in the pair of
lenses is included in the lens unit Gf, and the other lens in the
pair of lenses is included in the lens unit Gr:

~1.1<rpp/ry,<-0.9

M
@

~1.1<rpp,/r~=0.9

-0.1<(dpp—d7 ) (dpp+d)<0.1 3)
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where,

ropsdenotes a paraxial radius of curvature of an object-side
surface of the one lens in the pair of lenses,

oz, denotes a paraxial radius of curvature of an image-side
surface of the one lens in the pair of lenses,

ryy rdenotes a paraxial radius of curvature of an object-side
surface of the other lens in the pair of lenses,

r7;,-denotes a paraxial radius of curvature of an image-side
surface of the other lens in the pair of lenses,

d,5 denotes a thickness on the optical axis of the one lens
in the pair of lenses, and

d,; denotes a thickness on the optical axis of the other lens
in the pair of lenses.

The optical system according to the first embodiment
includes the lens unit Gf having a positive refractive power,
the stop (aperture stop), and the lens unit Gr having a positive
refractive power. Moreover, the lens unit Gf'is disposed on the
object side and the lens unit Gr is disposed on an image side,
sandwiching the stop. Furthermore, the optical system has at
least one pair of lenses that satisfies conditional expressions
(1), (2), and (3).

By at least one pair of lenses satisfying conditional expres-
sions (1), (2), and (3), each of the lens unit Gfand the lens unit
Grhas at least one lens of which, a shape is plane-symmetrical
with respect to the stop. In other words, in the optical system
according to the first embodiment, there is at least one pair of
lenses of which, the shape is plane-symmetrical with respect
to the stop. Therefore, the optical system has symmetry with
respect to the shape of the lens. Accordingly, it is possible to
correct favorably, a chromatic aberration of magnification, a
distortion, and a coma. Here, the symmetry does not refer
only to cases of being completely symmetrical, but also
includes cases of being nearly symmetrical.

Moreover, when the numerical aperture on the image side
of the optical system is made large, an occurrence of an
off-axis aberration is susceptible to be noticeable. However,
according to the optical system of the first embodiment, even
when the numerical aperture on the image side of the optical
system is made large, it becomes easy to suppress the occur-
rence of the off-axis aberration. As a result, various aberra-
tions are corrected favorably, and a bright and sharp sample
image is formed.

An optical system according to a second embodiment will
be described below. In the optical system according to the
second embodiment, the following conditional expressions
(4) and (5) are satisfied:

0.1<NA,0.1<NA' )

—2<p<-0.5 &)

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system, and

[ denotes a projection magnification of the optical system.

By satisfying conditional expressions (4) and (5), it is
possible to form a bright and sharp image. Therefore, even if
a light intensity of illuminating light or excitation light is
small, a bright and sharp image is formed. Moreover, it is
possible to make the magnification (projection magnifica-
tion) of the optical system one time, or close to one time. In
this case, by making the numerical aperture on the object side
large, it is possible to make the numerical aperture on the
image side large (the purpose is served without making the
numerical aperture on the image side that small). As a result,
it is possible to make the numerical aperture on the image side
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large while maintaining the optical system to be small-sized.
Moreover, it is possible to correct various aberrations favor-
ably.

For making the numerical aperture on the image side large,
it is necessary to make the numerical aperture on the object
side large. However, by making so as to exceed a lower limit
value of conditional expression (4), the numerical aperture on
the object side is not required to be made large. Therefore,
small-sizing of the optical system becomes easy. By making
s0 as to exceed a lower limit of conditional expression (5), the
magnification of the optical system does not become exces-
sively large. In this case, various aberrations occurred in the
lens unit Gf, such as the spherical aberration and a curvature
of field, are not enlarged significantly in the lens unit Gr.
Therefore, it is preferable from a viewpoint of correcting the
aberration favorably to exceed the lower limit value of con-
ditional expression (5).

By making so as to fall below an upper limit value of
conditional expression (5), an image that is formed does not
become excessively small. Therefore, observation and image
pickup of a microstructure of a sample become easy.

Here, it is preferable that the following conditional expres-
sion (4') is satisfied instead of conditional expression (4).

0.13<NA<0.9,0.13<NA'<0.9 4"

Also, it is preferable that the following conditional expres-
sion (5') is satisfied instead of conditional expression (5).

-1.5<p<-0.75 )

Moreover, it is more preferable that the following condi-

tional expression (5") is satisfied instead of conditional
expression (5)

—1.2<p<-0.8 (5"

An optical system according to a third embodiment will be
described below. The optical system according to the third
embodiment comprises in order from an object side, a lens
unit Gt having a positive refractive power, a stop, and a lens
unit Gr having a positive refractive power, and the following
conditional expressions (4) and (6) are satisfied:

0.1<NA,0.1<NA' )

0.5<foplf1<2

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system,

f, 5 denotes a focal length of the lens unit Gf, and

f;; denotes a focal length of the lens unit Gr.

The optical system according to the third embodiment
includes the lens unit Gf having a positive refractive power,
the stop (aperture stop), and the lens unit Gr having a positive
refractive power. Moreover, the lens unit Gf'is disposed on the
object side and the lens unit Gr is disposed on the image side,
sandwiching the stop. Therefore, in the optical system
according to the third embodiment, the refractive power is
symmetrical with respect to the stop. In other words, regard-
ing the refractive power, the optical system has symmetry.
Therefore, it is possible to correct the chromatic aberration of
magnification, the distortion, and the coma aberration favor-
ably.

Moreover, when the numerical aperture on the image side
of the optical system is made large, an occurrence of an
off-axis aberration is susceptible to be noticeable. However,
according to the optical system of the third embodiment, even
when the numerical aperture on the image side of the optical

Q)
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system is made large, it becomes easy to suppress the occur-
rence of the off-axis aberration. As a result, various aberra-
tions are corrected favorably, and a bright and sharp sample
image is formed.

A technical significance of conditional expression (4) is as
mentioned above. Moreover, a technical significance of con-
ditional expression (6) is similar to the technical significance
of conditional expression (5).

Here, it is preferable that the following conditional expres-
sion (6') is satisfied instead of conditional expression (6).

0.75<foplf<1.5 (6)
Moreover, it is more preferable that the following condi-
tional expression (6") is satisfied instead of conditional

expression (6).
0.8<fop/fr<1.2 (6"

An optical system according to a fourth embodiment will
be described below. The optical system according to the
fourth embodiment comprises in order from an object side, a
lens unit Gf having a positive refractive power, a stop, and a
lens unit Gr having a positive refractive power, and the fol-
lowing conditional expressions (7), (8), and (9) are satisfied:

30%sMTF )

30%sMFT ®)

0<d,/5d<0.5 ©)

where,

MTF ,5 denotes an MTF (Modulation Transfer Function)
on an axis in the lens unit Gf, and is an MTF with respect to
a spatial frequency of fc/4,

MTF ,, denotes an MTF on an axis in the lens unit Gr, and
is an MTF with respect to a spatial frequency of fc'/4, where

fc denotes a cut-off frequency with respect to the numerical
aperture on the object side of the optical system, and

fc' denotes a cut-off frequency with respect to the numeri-
cal aperture on the image side of the optical system, and both
MTF ;5 and MTF,;, are MTFs at positions at which, light is
focused when parallel light of an e-line is made to be incident
from the stop side respectively,

d, denotes a distance on an optical axis from a surface
positioned nearest to the image side of the lens unit Gf up to
a surface positioned nearest to the object side of the lens unit
Gr, and

2d denotes a sum total of lens thickness on the optical axis
of the overall optical system.

By satisfying conditional expressions (7) and (8), it
becomes possible to impart a function equivalent to a function
of the objective to the lens unit Gf, and to impart a function
equivalent to a function of the tube lens to the lens unit Gr.
Accordingly, the optical system becomes suitable for a micro-
scope optical system and an optical system which is suitable
for an object of forming a sharp sample image, similar to the
microscope optical system. Conditional expression (7-1) or
conditional expression (7-1') that will be described later may
be satisfied instead of conditional expression (7). Moreover,
conditional expression (8-1) or conditional expression (8-1')
that will be described later may be satisfied instead of condi-
tional expression (8).

By satistying conditional expression (9), it is possible to
dispose the lens unit Gf and the lens unit Gr near the stop
(pupil). Here, when the numerical aperture on the image side
of the optical system is made large, an occurrence of the
off-axis aberration is susceptible to be noticeable. However,
according to the optical system of the fourth embodiment,
even when the numerical aperture on the image side of the
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optical system is made large, it becomes easy to suppress the
occurrence of the off-axis aberration, particularly the occur-
rence of the coma. As a result, various aberrations are cor-
rected favorably, and a bright and sharp sample image is
formed. Any of conditional expressions (9-1), (9-1"), (9-1"),
and (9-1") which will be described later may be satisfied
instead of conditional expression (9).

An optical system according to a fiftth embodiment will be
described below. The optical system according to the fifth
embodiment comprises in order from an object side, a lens
unit Gt having a positive refractive power, a stop, and a lens
unit Gr having a positive refractive power, and the following
conditional expressions (7), (8), and (10) are satisfied:

30%sMTFyp )

30%=MFTy, (8)

0<dy/Zd<4 (10)

where,

MTF ,5 denotes an MTF on an axis in the lens unit Gf, and
is an MTF with respect to a spatial frequency of fc/4,

MTF ;; denotes an MTF on an axis in the lens unit Gr, and
is an MTF with respect to a spatial frequency of fc'/4, where

fc denotes a cut-off frequency with respect to the numerical
aperture on the object side of the optical system, and

fc' denotes a cut-off frequency with respect to the numeri-
cal aperture on the image side of the optical system, and both
MTF 5 and MTF ,; are MTFs at positions at which, light is
focused when parallel light of an e-line is made to be incident
from the stop side respectively,

d, denotes a distance on an optical axis from a front prin-
cipal point of the lens unit Gfup to a rear principal point of the
lens unit Gr, and

2d denotes a sum total of lens thickness on the optical axis
of the overall optical system.

A technical significance of conditional expressions (7) and
(8) is as already been explained. Conditional expression (7-1)
or conditional expression (7-1') that will be described later
may be satisfied instead of conditional expression (7). More-
over, conditional expression (8-1) or conditional expression
(8-1") that will be described later may be satisfied instead of
conditional expression (8).

By satisfying conditional expression (10), the rear princi-
pal point of the lens unit Gfand the front principal point of the
lens unit Gr are positioned near the stop (pupil). Here, when
the numerical aperture on the image side of the optical system
is made large, an occurrence of the off-axis aberration is
susceptible to be noticeable. However, according to the opti-
cal system of the fifth embodiment, even when the numerical
aperture on the image side of the optical system is made large,
it becomes easy to suppress the occurrence of the off-axis
aberration, particularly the occurrence of the coma. As a
result, various aberrations are corrected favorably, and a
bright and sharp image is formed. Any of conditional expres-
sions (10-1), (10-1"), (10-1") and (10-1") that will be
described later may be satisfied instead of conditional expres-
sion (10).

It is preferable that the optical systems of embodiments
from the first embodiment to the fifth embodiment (hereinat-
ter, appropriately called as the optical system according to the
present embodiment) have an arrangement of an optical sys-
tem according to the other embodiments, and satisfy condi-
tional expressions. Accordingly, it is possible to provide an
optical system having a large numerical aperture on the image
side, and in which, various aberrations are corrected favor-
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ably. Moreover, a bright and sharp sample image, in which
various aberrations are corrected favorably, is formed.

Moreover, in the optical system according to the present
embodiment, it is preferable that the following conditional
expression (11) is satisfied:

0.05<Af1Y<0.05 an

where,

Af denotes a difference in a focal position on a C-line and
afocal position on an F-line, which is a difference in positions
at which light is focused when parallel light is made to be
incident on the lens unit Gr from the stop side, and

Y denotes the maximum image height in an overall optical
system.

In the optical system according to the present embodiment,
the optical system has symmetry with regard to a shape of lens
orarefractive power of lens, or both. Therefore, the chromatic
aberration of magnification, the distortion, and the coma
occur in opposite directions in the lens unit Gf and the lens
unit Gr. Therefore, by rendering the lens unit Gf and the lens
unit Gr in a combined state, it is possible to cancel an aber-
ration occurred in the lens unit Gf, in the lens unit Gr.

However, a longitudinal chromatic aberration occurs in the
same direction in both the lens unit Gf and the lens unit Gr.
For this reason, in the state of the lens unit Gf and the lens unit
Gr combined, the aberration occurred in the lens unit Gf
cannot be cancelled in the lens unit Gr. Therefore, the longi-
tudinal chromatic aberration is required to be corrected only
in the lens unit Gr. The longitudinal chromatic aberration is
also required to be corrected only in the lens unit Gf.

By making so as to fall below an upper limit value of
conditional expression (11) or by making so as to exceed a
lower limit value of conditional expression (11), correction of
the longitudinal chromatic aberration in the overall optical
system becomes easy.

Moreover, it is preferable that the optical system according
to the present embodiment has at least two pairs of lenses.

Regarding the shape of lens, symmetry of the optical sys-
tem improves further. Therefore, it is possible to correct the
chromatic aberration of magnification, the distortion, and the
coma even more favorably.

Moreover, it is preferable that the optical system according
to the present embodiment has at least three pairs of lenses.

Regarding the shape of lens, the symmetry of the optical
system improves further. Therefore, it is possible to correct
the chromatic aberration of magnification, the distortion, and
the coma favorably.

Moreover, in the optical system according to the present
embodiment, it is preferable that the following conditional
expression (12) is satisfied:

-10°<8,<10° 12)

where,

0, denotes an angle made by a normal of a plane perpen-
dicular to the optical axis with a principal ray on the object
side.

By making so as to exceed a lower limit value of condi-
tional expression (12), or by making so as to fall below an
upper limit value of conditional expression (12), it is possible
to impart telecentricity on the object side, in the optical sys-
tem. Accordingly, it is possible to suppress the fluctuation in
magnification corresponding to a fluctuation in an object
(photographic subject) distance. For instance, in a case of
carrying out dimensional measurement by using the optical
system according to the present embodiment, even when the
object (substance to be tested) has concavity and convexity in
the optical axial direction, since a magnification for a concave
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portion and a magnification for a convex portion being same,
an accurate measurement is possible.

Inthe optical system according to the present embodiment,
it is preferable that each lens in the pair of lenses disposed at
a position nearest from the stop is a positive lens. Moreover,
it is preferable that each lens in the pair of lenses disposed at
a position second nearest from the stop is a negative lens.

An optical system according to a sixth embodiment will be
described below. The optical system according to the sixth
embodiment comprises in order from an object side, a lens
unit Gt having a positive refractive power, a stop, and a lens
unit Gr having a positive refractive power, and the following
conditional expressions (4-1), (5), (9-1), and (13) are satis-
fied:

0.0<NA,0.0<NA' @-1)

—2<p<-0.5 &)

0<d,/Zd<0.2 ©-1)

—20<Af, /ed<20 13)

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system,

[ denotes a projection magnification of the optical system,

d, denotes a distance on an optical axis from a surface
positioned nearest to the image side of the lens unit Gf up to
a surface positioned nearest to the object side of the lens unit
Gr,

2d denotes a sum total of lens thickness on the optical axis
of an overall optical system,

ed denotes an Airy disc radius for a d-line which is deter-
mined by the numerical aperture on the image side of the
optical system, and

Af_,denotes a difference in a focal position on a C-line and
a focal position on the d-line, which is a difference in posi-
tions at which light is focused when parallel light is made to
be incident on the lens unit Gr from the stop side.

An upper limit of a resolution on the object side is deter-
mined by the NA, and an upper limit of a resolving power on
the image side is determined by the NA' and a pixel pitch of an
image pickup element. By including in order from the object
side, the lens unit Gf having a positive refractive power, the
stop, and the lens unit Gr having a positive refractive power,
as well as conditional expression (4-1) and (5) are satisfied
simultaneously, it is possible to make a balance of the reso-
Iution on the object side and the resolving power on the image
side favorable. Moreover, it is possible to correct various
aberrations favorably, and to improve an imaging perfor-
mance to the maximum limit, as well as to form an optical
system of'a small size. Particularly, the optical system accord-
ing to the sixth embodiment is an optical system ideal for an
image pickup element with the pixel pitch from about one
time to three times of a visual light wavelength.

Moreover, by satisfying conditional expressions (4-1) and
(5) simultaneously, even when the light intensity of the illu-
minating light and the excitation light is small, it is possible to
form a bright and sharp image while maintaining the optical
system to be small-sized.

For making the numerical aperture on the image side large,
it is necessary to make the numerical aperture on the object
side large. However, by making so as to exceed a lower limit
value of conditional expression (5), the numerical aperture on
the object side is not required to be made large. Therefore,
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small-sizing of the optical system becomes easy. Moreover,
by making so as to exceed the lower limit value of conditional
expression (5), the magnification of the optical system does
not become excessively large. In this case, various aberrations
occurred in the lens unit Gf, such as the spherical aberration
and the curvature of field, are not enlarged significantly in the
lens unit Gr. Therefore, it is preferable from a viewpoint of
correcting the aberration favorably to exceed the lower limit
value of conditional expression (5).

By making so as to fall below an upper limit value of
conditional expression (5), an image that is formed does not
become excessively small. Therefore, observation and image
pickup of a microstructure of a sample become easy.

Here, it is preferable that the following conditional expres-
sion (4-1") is satisfied instead of conditional expression (4-1).

0.1<NA<0.9,0.1<NA'<0.9 @4-1)

Moreover, it is preferable that the abovementioned condi-
tional expression (4') is satisfied instead of conditional
expression (4-1).

It is preferable that the abovementioned conditional
expression (5') is satisfied instead of conditional expression
(5). Moreover, it is more preferable that the abovementioned
conditional expression (5") is satisfied instead of conditional
expression (5).

By satistfying conditional expressions (9-1) and (13),
regarding a lens arrangement in the lens unit Gf and a lens
arrangement in the lens unit Gr, it is possible to dispose the
lens unit Gf and the lens unit Gr near the stop while imparting
symmetry with respect to the stop. When the numerical aper-
ture on the image side of the optical system is made large, the
occurrence of the off-axis aberration, particularly the occur-
rence of the coma becomes noticeable, but by making such an
arrangement, it becomes easier to suppress the occurrence of
such aberration. Here, d, is a distance between the two sur-
faces, and the two surfaces in this case are both lens surfaces.

Here, it is preferable that the following conditional expres-
sion (9-1") is satisfied instead of conditional expression (9-1).

0<d,/2d<0.15 ©-1)

Moreover, it is more preferable that the following condi-
tional expression (9-1") is satisfied instead of conditional
expression (9-1).

0<d,/2d<0.07 (91"

Furthermore, it is even more preferable that the following
conditional expression (9-1") is satisfied instead of condi-
tional expression (9-1).

0<d,/2d<0.03 (9-1")

By satisfying conditional expression (13), it is possible to
correct the off-axis aberrations such as the chromatic aberra-
tion and the coma favorably while maintaining the correction
of the longitudinal chromatic aberration to a favorable state.
In the optical system according to the sixth embodiment, by
satisfying conditional expressions (4-1) and (5), it becomes
possible to make the numerical aperture on the image side
large with respect to the numerical aperture on the object side,
or to make an arrangement such that the numerical aperture
on the image side does not become excessively small with
respect to the numerical aperture on the object side. Accord-
ingly, it is made possible to form a brighter and sharper image,
but at the same time, it is necessary to suppress the occurrence
of'the longitudinal chromatic aberration of the overall optical
system to be small.

The optical system according to the sixth embodiment
includes in order from the object side, the lens unit Gf having
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a positive refractive power, the stop, and the lens unit Gr
having a positive refractive power, and is an optical system
which satisfies conditional expression (5), or in other words,
an optical system with an imaging magnification to be one
time or close to one time. In such optical system, by making
s0 as to fall below an upper limit value of conditional expres-
sion (13) or by making so as to exceed a lower limit value of
conditional expression (13), it is possible to suppress the
occurrence of the longitudinal chromatic aberration in the
lens unit Gr. By enabling to suppress the occurrence of the
longitudinal chromatic aberration in the lens unit Gr, it is
possible to make the excessive correction of the longitudinal
chromatic aberration in the lens unit Gf unnecessary. There-
fore, regarding a lens arrangement in the lens unit Gf and a
lens arrangement in the lens unit Gr, it is possible to impart
symmetry with respect to the stop. By making the numerical
aperture of the optical system large, the occurrence of aber-
rations such as the coma and the chromatic aberration of
magnification becomes noticeable, but since the lens arrange-
ment in the lens unit Gf and the lens arrangement in the lens
unit Gr have symmetry with respect to the stop, it becomes
possible to correct these aberrations favorably. Here, the sym-
metry does not refer only to cases of being completely sym-
metrical, but also includes cases of being nearly symmetrical.
Here, it is preferable that the following conditional expres-
sion (13") is satisfied instead of conditional expression (13).

—15<Af, Jed<15 (13)

Moreover, it is more preferable that the following condi-
tional expression (13") is satisfied instead of conditional
expression (13).

—12<Af, Jed<12 RED)

Furthermore, it is even more preferable that the following
conditional expression (13") is satisfied instead of condi-
tional expression (13).

—T<Af, fed<T e

An optical system according to a seventh embodiment will
be described below. The optical system according to the sev-
enth embodiment comprises in order from an object side, a
lens unit Gf having a positive refractive power, a stop, and a
lens unit Gr having a positive refractive power, and the fol-
lowing conditional expressions (4-1), (5), (10-1),and (13) are
satisfied:

0.0<NA,0.0<NA' @-1)

—2<p<-0.5 &)

0<dy/Sd<2 (10-1)

—20<Af, /ed<20 13)

where,

NA denotes a numerical aperture on the object side of the
optical system,

NA' denotes a numerical aperture on an image side of the
optical system,

[ denotes a projection magnification of the optical system,

d, denotes a distance on an optical axis from a front prin-
cipal point of the lens unit Gfup to a rear principal point of the
lens unit Gr,

2d denotes a sum total of lens thickness on the optical axis
of an overall optical system,

ed denotes an Airy disc radius for a d-line which is deter-
mined by the numerical aperture on the image side of the
optical system, and
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Af_,denotes a difference in a focal position on a C-line and
a focal position on the d-line, which is a difference in posi-
tions at which light is focused when parallel light is made to
be incident on the lens unit Gr from the stop side.

A technical significance of conditional expressions (4-1),
(5), and (13) is as already been described above.

Moreover, by satisfying conditional expressions (10-1)
and (13), regarding a lens arrangement in the lens unit Gfand
alens arrangement in the lens unit Gr, it is possible to position
aprincipal point of the lens unit Gfand a principal point of the
lens unit Gr near the stop while imparting symmetry with
respect to the stop. When the numerical aperture on the image
side of the optical system is made large, the occurrence of the
off-axis aberration, particularly the occurrence of the coma
becomes noticeable, but by making such an arrangement, it
becomes easier to suppress the occurrence of the aberration.

Here, it is preferable that the following conditional expres-
sion (10-1") is satisfied instead of conditional expression (10-
D).

0<dy/Sd<1.5 (10-1)

Moreover, it is more preferable that the following condi-
tional expression (10-1") is satisfied instead of conditional
expression (10-1).

0<d>/Sd<1 (10-1")

Furthermore, it is even more preferable that the following
conditional expression (10-1"") is satisfied instead of condi-
tional expression (10-1).

0<dy/Sd<0.7 (10-1")

It is all the more preferable to satisfy the following condi-
tional expression (10-1"") instead of conditional expression
(10-1)

0<dy/2d<0.4 10-1"

Itis preferable that the optical system according to the sixth
embodiment and the optical system according to the seventh
embodiment (hereinafter, called appropriately as an ‘optical
system according to the present embodiment’) have an
arrangement of an optical system according to the other
embodiments, and satisfy conditional expressions. Accord-
ingly, it is possible to provide an optical system with a large
numerical aperture on the image side, and in which, various
aberrations are corrected favorably. Moreover, a bright and
sharp sample image, in which various aberrations are cor-
rected favorably, is formed.

In the optical system according to the present embodiment,
it is preferable that the following conditional expressions
(7-1) and (8-1) are satisfied:

40%s=MTF (7-1)

40%s<MTF (8-1)

where,

MTF 5 denotes an MTF on an axis in the lens unit Gf, and
is an MTF with respect to a spatial frequency of fc/4,

MTF,; denotes an MTF on an axis in the lens unit Gr, and
is an MTF with respect to a spatial frequency of fc'/4, where

fc denotes a cut-off frequency with respect to the numerical
aperture on the object side of the optical system, and

fc' denotes a cut-off frequency with respect to the numeri-
cal aperture on the image side of the optical system, and both
MTF 5 and MTF , are MTFs at positions at which, light is
focused when parallel light of an e-line is made to be incident
from the stop side, respectively.

By satisfying conditional expressions (7-1) and (8-1), it
becomes possible to impart a function equivalent to a function
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of the objective to the lens unit Gf, and to impart a function
equivalent to a function of the tube lens to the lens unit Gr.
Accordingly, in an optical arrangement in which, light
emerged from the lens unit Gf becomes a substantially par-
allel light beam, it is possible to correct a longitudinal aber-
ration favorably. Therefore, in the optical system which sat-
isfles conditional expression (5), by further satisfying
conditional expressions (7-1) and (8-1), regarding the
arrangement of the lens unit Gf and the arrangement of the
lens unit Gr, it becomes easy to impart symmetry with respect
to the stop. As a result, it is possible to suppress an off-axis
distortion, the chromatic aberration of magnification, and the
coma favorably.

Furthermore, since a light beam passing through the stop
becomes substantially parallel, it becomes possible to insert
an optical element such as a phase plate and a polarization
plate being necessary for various observation techniques
(such as phase-contrast microscopy, polarization microscopy,
and differential interference contrast microscopy), near the
stop.

Here, it is preferable that the following conditional expres-
sion (7-1") is satisfied instead of conditional expression (7-1).

50%<MTFop 7-1)

Moreover, it is preferable that the following conditional
expression (8-1') is satisfied instead of conditional expression

(8-1).

50%<MTF 7 (8-1)

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (6) is
satisfied:

0.5<fop/frz<2 (©

where,

foz denotes a focal length of the lens unit Gf, and

f;; denotes a focal length of the lens unit Gr.

The optical system according to the present embodiment is
an optical system which satisfies conditional expression (5),
or in other words, is an optical system having a projection
magnification which is one time or close to one time. In the
optical system having a projection magnification which is one
time or close to one time, by satisfying conditional expression
(6), regarding an arrangement of the lens unit Gf and an
arrangement of the lens unit Gr, it becomes possible to impart
symmetry with respect to the stop. When the numerical aper-
ture on the image side of the optical system is made large, the
occurrence of off-axis aberrations such as the chromatic aber-
ration of magnification and the coma becomes noticeable.
However, since the arrangement of the lens unit Gf and the
arrangement of the lens unit Gr have symmetry with respect
to the stop, it becomes possible to correct these aberrations
favorably.

Itis preferable that the aforementioned conditional expres-
sion (6") is satisfied instead of conditional expression (6).
Moreover, it is more preferable that the aforementioned con-
ditional expression (6") is satisfied instead of conditional
expression (6).

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (14)
is satisfied:

0.78<dspon/dsprry<1.3 (14)

where,
dsz05 denotes a distance on the optical axis from a front
principal point of the lens unit Gf up to the stop, and
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dgz7; denotes a distance on the optical axis from the stop
up to a rear principal point of the lens unit Gr.

A technical significance of conditional expression (14) is
same as the technical significance of conditional expression
(6).

It is preferable that the following conditional expression
(14") is satisfied instead of conditional expression (14).

0.8<dszrop/dszr<1.2 (14)

It is more preferable that the following conditional expres-
sion (14") is satisfied instead of conditional expression (14).

0.9<dgprop/dsprrr<1.1 (14"

Moreover, in the optical system according to the present
embodiment, it is preferable that a positive lens Lfl is dis-
posed nearest to the image in the lens unit Gf.

By making such an arrangement, since it becomes possible
to position a principal point of the lens unit Gf at the stop side
(or near the stop), it becomes advantageous for shortening a
conjugate length (distance from the object up to the image).
Moreover, when the numerical aperture on the image side of
the optical system is made large, the occurrence of the off-
axis aberration, particularly the occurrence of the coma
becomes noticeable. However, by positioning the principal
point of the lens unit Gf near the stop (pupil), it becomes
easier to suppress the occurrence of the off-axis aberration.

Moreover, in the optical system according to the present
embodiment, it is preferable that a positive lens Lr1 is dis-
posed nearest to the object in the lens unit Gr.

By making such an arrangement, since it becomes possible
to position a principal point of the lens unit Gr at the stop side
(or near the stop), it becomes advantageous for shortening the
conjugate length. Moreover, when the numerical aperture on
the image side of the optical system is made large, the occur-
rence of the oft-axis aberration, particularly the occurrence of
the coma becomes noticeable. However, by positioning the
principal point of the lens unit Gr near the stop (pupil), it
becomes easier to suppress the occurrence of the off-axis
aberration.

Moreover, in the optical system according to the present
embodiment, it is preferable that a negative lens {2 is dis-
posed on the object side of the positive lens Lf1 such that, the
negative lens L2 is adjacent to the positive lens Lf1.

By the negative lens L2, it is possible to correct favorably
a chromatic aberration occurring in the positive lens Lfl.
Besides, since the negative lens L12 is disposed to be adjacent
to the positive lens Lfl, it is possible to suppress the occur-
rence of the chromatic aberration of magnification in the lens
unit Gf. As a result, it is possible to correct the chromatic
aberration of magnification of the overall optical system
favorably.

In the optical system according to the present embodiment,
it is preferable that a negative lens Lr2 is disposed on the
image side of the positive lens Lr1 such that, the negative lens
Lr2 is adjacent to the positive lens Lr1.

By the negative lens Lr2, it is possible to correct favorably
the chromatic aberration occurring in the positive lens Lrl.
Besides, since the negative lens Lr2 is disposed to be adjacent
to the positive lens Lrl, it is possible to suppress the occur-
rence of the chromatic aberration of magnification in the lens
unit Gr. As a result, it is possible to correct the chromatic
aberration of magnification of the overall optical system
favorably.

Moreover, in the optical system according to the present
embodiment, it is preferable that an object-side surface of the
negative lens L2 is concave toward the object side.

10

30

40

45

26

By making such an arrangement, since it is possible to
make large an angle of incidence of an off-axis light beam
incident on the negative lens L12, it is possible to shorten the
conjugate length of the optical system while maintaining a
wide range of observation (an actual field of view).

Moreover, in the optical system according to the present
embodiment, it is preferable that an image-side surface of the
negative lens Lr2 is concave toward the image side.

By making such an arrangement, since it is possible to
make large an angle of emergence of an off-axis light beam
emerging from the negative lens Lr2, it is possible to shorten
the conjugate length of the optical system while maintaining
a wide observation range.

Moreover, in the optical system according to the present
embodiment, it is preferable that the lens unit Gf includes a
lens Lfe which is disposed nearest to the object, and a shape
of atleast one lens surface of the lens [fe is a shape having an
inflection point.

By letting the shape of the lens surface near the object side
to be a surface shape having the inflection point, and by letting
a refractive power at a periphery to differ from a refractive
power at a center, it becomes possible to reduce an angle of
emergence of the off-axis light beam with respect to the
object plane while maintaining a principal plane of the lens
unit Gf at an optimum position. Moreover, since a position
through which, the off-axis ray passes through a lens surface
near the object becomes high, by providing the point of
inflection to that surface, and letting the refractive power at
the periphery to differ from the refractive power at the center,
it is possible to correct favorably the off-axis aberration such
as the curvature of field and an astigmatism.

Moreover, in the optical system according to the present
embodiment, it is preferable that the lens unit Gr includes a
lens Lre which is disposed nearest to the image, and a shape
of atleast one lens surface of the lens Lre is a shape having an
inflection point.

By letting the shape of the lens surface near the image side
to be a surface shape having the inflection point, and by letting
a refractive power at a periphery to differ from a refractive
power at a center, it becomes possible to reduce an angle of
incidence of the off-axis light beam with respect to the image
plane while maintaining a principal plane of the lens unit Gr
at an optimum position. Moreover, since a position through
which, the oft-axis ray passes through a lens surface near the
image becomes high, by providing the point of inflection to
that surface, and letting the refractive power at the periphery
to differ from the refractive power at the center, it is possible
to correct favorably the oft-axis aberration such as the curva-
ture of field and the astigmatism.

Moreover, in the optical system according to the present
embodiment, it is preferable that the lens [.fe has a negative
refractive power.

By making such an arrangement, since it becomes possible
to position the principal plane of the lens unit Gf at the stop
side, it becomes advantageous for shortening the conjugate
length. Moreover, by positioning the principal plane of the
lens unit Gf near the stop (pupil), even when the numerical
aperture on the image side of the optical system is made large,
it is possible to suppress the occurrence of the off-axis aber-
ration, particularly the occurrence of the coma.

Moreover, in the optical system according to the present
embodiment, it is preferable that the lens Lre has a negative
refractive power.

By making such an arrangement, since it becomes possible
to position the principal plane of the lens unit Gr at the stop
side, it becomes advantageous for shortening the conjugate
length. Moreover, by positioning the principal plane of the
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lens unit Gr near the stop (pupil), even when the numerical
aperture on the image side of the optical system is made large,
it is possible to suppress the occurrence of the off-axis aber-
ration, and particularly the occurrence of the coma.
Moreover, in the optical system according to the embodi-
ment, it is preferable that the 1 optical system includes at least
one pair of lenses which satisfies the following conditional
expressions (1), (2), and (3), and one lens in the pair of lenses
is included in the lens unit Gf, and the other lens in the pair of
lenses is included in the lens unit Gr:
ey

~1.1<rppdry,<-0.9

=1.1<rpp, /1 <-0.9

@

-0.1<(dpp~dr)/([dop+dr)<0.1 3

where,

ropedenotes a paraxial radius of curvature of an object-side
surface of the one lens in the pair of lenses,

oz, denotes a paraxial radius of curvature of an image-side
surface of the one lens in the pair of lenses,

ryyrdenotes a paraxial radius of curvature of an object-side
surface of the other lens in the pair of lenses,

1,7, denotes a paraxial radius of curvature of an image-side
surface of the other lens in the pair of lenses,

d,z denotes a thickness on the optical axis of the one lens
in the pair of lenses, and

d,; denotes a thickness on the optical axis of the other lens
in the pair of lenses.

The technical significance of conditional expressions (1),
(2), and (3) is as aforementioned.

Moreover, it is preferable that the optical system according
to the present embodiment has at least two pairs of lenses.

Regarding the shape of lens, symmetry of the optical sys-
tem improves further. Therefore, it is possible to correct the
chromatic aberration of magnification, the distortion, and the
coma even more favorably.

Moreover, it is preferable that the optical system according
to the present embodiment has at least three pairs of lenses.

Regarding the shape of lens, the symmetry of the optical
system improves further. Therefore, it is possible to correct
the chromatic aberration of magnification, the distortion, and
the coma favorably.

Moreover, in the optical system according to the present
embodiment, it is preferable that the following conditional
expression (12-1) is satisfied:

-10°<8,<30° (12-1)

where,

0, denotes an angle made by a normal of a plane perpen-
dicular to the optical axis with a principal ray on the object
side.

By making so as to exceed a lower limit value of condi-
tional expression (12-1), or making so as to fall below an
upper limit value of conditional expression (12-1), it is pos-
sible to impart telecentricity on the object side, in the optical
system. Accordingly, it is possible to suppress the fluctuation
in magnification corresponding to a fluctuation in the object
(photographic subject) distance. For instance, in a case of
carrying out dimensional measurement by using the optical
system of the present embodiment, even when the object
(substance to be tested) has concavity and convexity in the
optical axial direction, since it is possible to make a difference
in a magnification for a concave portion and a magnification
for a convex portion small, an accurate measurement is pos-
sible.
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Moreover, in a case of seeking even higher telecentricity in
the optical system, in the optical system according to the
present embodiment, it is preferable that the following con-
ditional expression (12-1") is satisfied.

—5°<@,<5° (12-1)

Moreover, in a case of seeking further small-sizing (short-
ening overall length of the optical system, and making a
diameter fine) in the optical system, in the zoom lens of the
present embodiment, it is preferable that the following con-
ditional expression (12-1") is satisfied.

15°<6,<30° (12-1"

A focal length of a tube lens used in a conventional micro-
scope is approximately 10 times of a focal length of a micro-
scope objective. Therefore, the numerical aperture (NA') on
the image side becomes small to about 0.08. However, in the
aforementioned embodiments from the first embodiment to
the seventh embodiment, it is possible to realize an optical
system in which, the numerical aperture on the image side is
large, and various aberrations are corrected favorably.

Moreover, an optical instrument (such as a microscope) of
the present embodiment includes the aforementioned optical
system, and an image pickup element.

According to the optical instrument of the present embodi-
ment, it is possible to realize an optical instrument in which,
the numerical aperture on the image side is large, and various
aberrations are corrected favorably. Moreover, a bright and
sharp sample image in which, various aberrations have been
corrected, is formed.

An optical system according to an eighth embodiment, an
optical system according to a ninth embodiment, and an opti-
cal system according to a tenth embodiment (hereinafter,
appropriately called as an ‘optical system according to the
present embodiment”) will be described below. Moreover, a
marginal ray is a light rays emerged from an object point on
the optical axis, and passing through a peripheral portion of
an entrance pupil of the optical system. Here, in the following
description, in a case in which, the marginal ray has emerged
from an object point on the optical axis, the marginal ray will
be let to be an axial marginal ray, and in a case in which, the
marginal ray has emerged from an off-axis object point, the
marginal ray will be let to be an off-axis marginal ray. More-
over, the optical system according to the present embodiment
is an optical system presupposing that an object is at a finite
distance from the optical system (finite correction optical
system).

Moreover, in an image pickup apparatus using the optical
system according to the present embodiment, it is possible to
let an image photographed to be subjected to digital zooming,
and make a magnified display thereof. Therefore, the optical
systems of these embodiments have a high resolution as vari-
ous aberrations are corrected favorably, and are capable of
forming an image over a wide observation range. In the opti-
cal systems of these embodiments, since a longitudinal chro-
matic aberration and an off-axis chromatic aberration in par-
ticular, has been corrected favorably, by combining with an
image pickup element having a small pixel pitch, a magnified
image with a high resolution is achieved even in a case in
which, the image captured is magnified by digital zooming.

The optical system according to the eighth embodiment is
an optical system which forms an optical image on an image
pickup element including a plurality of pixels arranged in
rows two-dimensionally, which converts a light intensity to
an electric signal, and a plurality of color filters disposed on
the plurality of pixels respectively, and comprises in order
from an object side,
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a first lens unit having a positive refractive power, which
includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the first lens unit includes a negative lens, and a positive
lens which is disposed on the object side of the negative lens,
and

the following conditional expressions (15), (16), (19), and
(20) are satisfied:

ps-1.1 as)

0.08<NA 16)

1.0<WD/BF 19)

0.5<2x(WDxtan(sin™" NAW Y, ,,)/,<4.0 (20)

where,

[ denotes an imaging magnification of the optical system,

NA denotes a numerical aperture on the object side of the
optical system,

WD denotes a distance on an optical axis from the object up
to an object-side surface of the first object-side lens,

BF denotes a distance on the optical axis from an image-
side surface of the second image-side lens up to the image,

Y., denotes a maximum object height, and

¢, denotes a diameter of the stop.

The optical system according to the ninth embodiment is
an optical system which forms an optical image on an image
pickup element including a plurality of pixels arranged in
rows two-dimensionally, which converts a light intensity to
an electric signal, and a plurality of color filters disposed on
the plurality of pixels respectively, and comprises in order
from an object side,

a first lens unit which includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the following conditional expressions (16), (21), (23-1),
and (24-1) are satisfied:

0.0<NA 16)

0.01<D,,, /¢,<3.0 Q1)

0.6<L,/D,, (23-1)

0.015<1/d, = 1N (24-1)

where,

NA denotes a numerical aperture on the object side of the
optical system,

D,,.. denotes a maximum distance from among distances
on an optical axis of adjacent lenses in the optical system,

¢, denotes a diameter of the stop,
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L, denotes a distance on the optical axis from an object-
side surface of the first object-side lens up to an image-side
surface of the second image-side lens,

D,, denotes a distance on the optical axis from the object to
the image,

vd,,;, denotes a smallest Abbe’s number from among
Abbe’s numbers for lenses forming the optical system, and

vd,,,. denotes a largest Abbe’s number from among the
Abbe’s numbers for lenses forming the optical system.

The optical system according to the tenth embodiment is an
optical system which forms an optical image on an image
pickup element including a plurality of pixels arranged in
rows two-dimensionally, which converts a light intensity to
an electric signal, and a plurality of color filters disposed on
the plurality of pixels respectively, and for which, a pitch of
pixels is not more than 5.0 um, and comprises in order from an
object side,

a first lens unit which includes a plurality of lenses,

a stop, and

a second lens unit which includes a plurality of lenses,
wherein

lens units which form the optical system include the first
lens unit and the second lens unit, and

the first lens unit includes a first object-side lens which is
disposed nearest to an object, and

the second lens unit includes a second image-side lens
which is disposed nearest to an image, and

the following conditional expressions (16), (18), and (25)
are satisfied:

0.08<NA (16)

=30<(AD 24c+HADG1acxB o2 N1+ o2 cxADGrac!

Je2e))/Z4<30 18)

0.15<D,/D,<0.8 (25)

where,

NA denotes a numerical aperture on the object side of the
optical system,

ADg, s denotes a distance from a position of an image
point P, on a d-line up to a position of an image point on a
C-line, at an image point of the first lens unit with respect to
an object point on an optical axis,

AD, - denotes a distance from a position of an image
point on the d-line up to a position of an image point on the
C-line, at an image point of the second lens unit, when the
image point P, is let to be an object point of the second lens
unit, where

ADg, .0 and ADg,,- are let to be positive in a case in
which, the position of the image point on the C-line is on the
image side of the position of the image point on the d-line,
ADg, ;o and AD, ;- are let to be negative in a case in which,
the position of the image point on the C-line is on the object
side of the position of the image point on the d-line,

Bgac denotes an imaging magnification for the C-line of
the second lens unit when the image point P, is let to be the
object point of the second lens unit,

f 5. denotes a focal length for the C-line of the second lens
unit,

€, denotes an Airy disc radius for the d-line, which is
determined by the numerical aperture on the image side of the
optical system,

D, denotes a distance on the optical axis from the object up
to the stop, and

D,, denotes a distance on the optical axis from the object up
to the image, and
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the object point and the image point are points on the
optical axis, and also include cases of being a virtual object
point and a virtual image point.

Each of the optical system according to the eighth embodi-
ment, the optical system according to the ninth embodiment,
and the optical system according to the tenth embodiment is
an optical system that forms an optical image on the image
pickup element. Here, the image pickup element includes a
plurality of pixels arranged in rows two-dimensionally, which
converts a light intensity to an electric signal, and a plurality
of color filters disposed on the plurality of pixels respectively.

In the optical system according to the eighth embodiment,
it is preferable that the following conditional expression (15)
is satisfied:

ps-1.1 as)

where,

[ denotes an imaging magnification of the optical system.

When the numerical aperture on the object side of the
optical system is enlarged (the numerical aperture is made
large), and a working distance is made long to a certain extent,
since a height of an axial marginal ray incident on the optical
system (lens positioned nearest to the object) becomes high,
the axial aberration is susceptible to occur. Therefore, by
satisfying conditional expression (15), since it is possible to
suppress the height of the axial marginal ray and the off-axis
marginal ray incident on the optical system, it is possible to
suppress further the occurrence of the axial aberration and the
off-axis aberration.

Moreover, in the optical system according to the ninth
embodiment, it is preferable that the following conditional
expression (15-1) is satisfied:

ps-1.0 (15-1)

where,

[ denotes an imaging magnification of the optical system.

By satisfying conditional expression (15-1), the optical
system becomes a magnifying optical system. Accordingly, it
is possible to realize more detailed observation.

Moreover, in the optical system according to the tenth
embodiment, it is preferable that the following conditional
expression (15-2) is satisfied:

~1.1sP<-09 (15-2)

where,

[ denotes an imaging magnification of the optical system.

Moreover, in the optical system according to the present
embodiment, it is preferable that the following conditional
expression (16) is satisfied:

0.08<NA 16)

where,

NA denotes a numerical aperture on the object side of the
optical system.

By satisfying conditional expression (16), it is possible to
realize an optical system and an image pickup apparatus
having a high resolution.

Moreover, it is preferable that the optical system according
to the present embodiment is an optical system which is used
in a microscope.

It is preferable that the optical system according to the
present embodiment includes in order from an object side, a
first lens unit which includes a plurality of lenses, a stop, and
a second lens unit which includes a plurality of lenses, and
that the lens units which form the optical system include the
first lens unit and the second lens unit. It is preferable that the
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stop is an aperture stop. It is possible that the lens units which
form the optical system consist of the first lens unit and the
second lens unit.

Moreover, in the optical system according to the present
embodiment, it is preferable that the first lens unit includes a
first object-side lens which is disposed nearest to an object.
Moreover, itis preferable that the first lens unit includes a first
image-side lens which his disposed nearest to the image. It is
preferable that the second lens unit includes a second object-
side lens which is disposed nearest to the object. Moreover, it
is preferable that the second lens unit includes a second
image-side lens which is disposed nearest to the image.

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (17)
is satisfied:

L/2¥<15 a7

where,

L., denotes a distance on an optical axis from an object-
side surface of the first object-side lens up to an image, and

Y denotes a maximum image height in an overall optical
system.

By satisfying conditional expression (17), it is possible to
make the optical system and the overall image pickup appa-
ratus small.

Moreover, in the optical system according to the present
embodiment, itis preferable that the lens units which form the
optical system includes the first lens unit and the second lens
unit, and the pitch of pixels is not more than 5.0 um, and the
following conditional expression (18) is satisfied:

=30<(ADg29c+H(ADg140%P 2 /(4P g2 XAD 1 g/
So20))/€4<30

where,

ADg, 4o denotes a distance from a position of an image
point P, on a d-line up to a position of an image point on a
C-line, at an image point of the first lens unit with respect to
an object point on an optical axis,

AD, - denotes a distance from a position of an image
point on the d-line up to a position of an image point on the
C-line, at an image point of the second lens unit, when the
image point P, is let to be an object point of the second lens
unit, where

ADg, .0 and ADg,,- are let to be positive in a case in
which, the position of the image point on the C-line is on the
image side of the position of the image point on the d-line,
ADg, ;- and AD, - are let to be negative in a case in which,
the position of the image point on the C-line is on the object
side of the position of the image point on the d-line,

B g2c denotes an imaging magnification for the C-line of
the second lens unit when the image point P, is let to be the
object point of the second lens unit,

f 5. denotes a focal length for the C-line of the second lens
unit, and

€, denotes an Airy disc radius for the d-line which is deter-
mined by the numerical aperture on the image side of the
optical system, and

the object point and the image point are points on the
optical axis, and also include cases of being a virtual object
point and a virtual image point.

Conditional expression (18) is a conditional expression
related to a balance between a correction function of the
longitudinal chromatic aberration of the first lens unit and a
correction function of the longitudinal chromatic aberration
of'the second lens unit, and is a conditional expression related
to a difference in an image position on the d-line and an image
position on the C-line. By the first lens unit and the second

(18)
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lens unit satisfying conditional expression (18), it is possible
to correct the longitudinal chromatic aberration of the overall
optical system favorably. Moreover, by the longitudinal chro-
matic aberration being corrected favorably, it is possible to
improve the resolution of the optical system. As a result, it is
possible to observe a microscopic structure of a sample with
a high resolution, even in color.

Particularly, in the optical system which satisfies condi-
tional expressions (15-2) and (16), or in other words, in the
optical system with a large numerical aperture on the image
side, for achieving high resolution, it is necessary that the
longitudinal chromatic aberration has been corrected more
favorably, and by satisfying conditional expression (18), the
abovementioned effect is achieved.

Atthe time of calculating € ;, the optical system is assumed
to be an ideal optical system. When the optical system is
assumed to be an ideal optical system, the shape of the Airy
disc becomes circular. Since a size of the radius of the Airy
disc is determined by the numerical aperture on the image
side, it is possible to calculate the radius of the Airy disc
uniquely.

Moreover, it is preferable to let the pitch of the pixels to be
not less than 0.5 pm.

Here, it is preferable that the following conditional expres-
sion (18') is satisfied instead of conditional expression (18).

~21<(AD 24cHAD 614c%B 627/ (1+BG2cXAD G 1ac/
Jorc))/e<21
Moreover, it is more preferable that the following condi-
tional expression (18") is satisfied instead of conditional
expression (18).

~15<(AD 24cHAD 6140 B o2 (142X AD g 1ac/
Jorc))/e<15
Furthermore, it is even more preferable that the following
conditional expression (18") is satisfied instead of condi-
tional expression (18).

~9<(ADg24c+(ADg1acxBoac” (1 +B2cxADg1ac
Jo20))/e<9
In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the first lens unit has a positive refractive
power, and the following conditional expression (19) is sat-
isfied:

1.0<WD/BF

(18)

(18")

(as”)

19

where,

WD denotes a distance on an optical axis from the object up
to an object-side surface of the first object-side lens, and

BF denotes a distance on the optical axis from an image-
side surface of the second image-side lens up to an image.

It is preferable to dispose the lens unit having a positive
refractive power on the object side of the stop. Accordingly, it
is possible to position the principal point on the object side.
Therefore, it is possible to shorten the overall length of the
optical system while maintaining the state in which, the lon-
gitudinal chromatic aberration has been corrected favorably.

In conditional expression (19), WD is the distance on the
optical axis from the object up to the object-side surface of the
first object-side lens, but will be called as a working distance
in the present specification. Moreover, BF is the distance on
the optical axis from the image-side surface of the second
image-side lens up to the image, but will be called as a back
focus in the present specification. Accordingly, conditional
expression (19) can be said to be a conditional expression
which regulates an appropriate ratio of the working distance
and the back focus.
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By making so as not to fall below a lower limit value of
conditional expression (19), it is possible to prevent the back
focus from becoming excessively long. When such an
arrangement is made, since it is possible to make a distance
from the stop up to the image short, it is possible to make a
height of a principal ray higher on the image side than at the
stop. As a result, since it is possible to carry out an aberration
correction in a state in which, the height of the principal ray
has become high in the second lens unit, it is possible to
correct favorably the chromatic aberration of magnification in
particular.

Here, it is preferable that the following conditional expres-
sion (19" is satisfied instead of conditional expression (19).

1.2<WD/BF<50.0 (19%

Moreover, it is more preferable that the following condi-
tional expression (19") is satisfied instead of conditional
expression (19).

1.4<WD/BF<35.0 (19"

Furthermore, it is even more preferable that the following
conditional expression (19") is satisfied instead of condi-
tional expression (19).

2.0<WD/BF<17.5 (19"

In the optical system according to the eighth embodiment,
it is preferable that the first lens unit includes a negative lens,
and a positive lens which is disposed on the object side of the
negative lens, and that the following conditional expression
(20) is satisfied:

0.5<2x(WDxtan(sin™ NA)+Y,,,,)/,<4.0 (20)

where,

WD denotes a distance on an optical axis from the object up
to the object-side surface of the first object-side lens,

NA denotes a numerical aperture on the object side of the
optical system,

Y,,; denotes a maximum object height, and

¢, denotes a diameter of the stop.

By disposing the positive lens and the negative lens in the
first lens unit, it is possible to correct the longitudinal chro-
matic aberration favorably. At this time, by disposing the
positive lens on the object side of the negative lens, it is
possible to correct the longitudinal chromatic aberration
more favorably.

By satisfying conditional expression (20), it is possible to
correct the chromatic aberration more favorably. The stop
being the aperture stop, it is possible to let the stop to be a stop
that determines the NA.

By making so as not to fall below a lower limit value of
conditional expression (20), it is possible to suppress a pre-
determined refraction effect in the first lens unit from becom-
ing excessively small. Therefore, since it is possible to posi-
tion a principal point sufficiently on the object side, it is
possible to shorten the overall length of the optical system.
The predetermined refraction is an effect of making a light ray
refract in order to bring closer to the optical axis. Larger the
predetermined refraction effect, the light ray is refracted in a
direction of coming closer to the optical axis. For instance,
larger the predetermined refraction effect, convergence
becomes stronger in the convergence effect, and divergence
becomes weaker in the divergence effect.

By making so as not to exceed an upper limit value of
conditional expression (20) is not exceeded, it is possible to
prevent the predetermined refraction effect in the first lens
unit from becoming excessively large. Accordingly, it is pos-
sible to correct the longitudinal chromatic aberration due to
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the axial marginal ray and the off-axis chromatic aberration at
the maximum image height favorably and in a balanced man-
ner. Even in a range of satisfying conditional expression (16),
it is possible to correct the longitudinal chromatic aberration
and the off-axis chromatic aberration favorably and in a bal-
anced manner.

By satisfying conditional expressions (16), (19), and (20),
it is possible to realize enlargement of the numerical aperture
on the object side, shortening of the overall length of the
optical system, and favorable correction of the chromatic
aberration, while securing appropriately a thickness of opti-
cal components forming the optical system.

Here, it is preferable that the following conditional expres-
sion (20") is satisfied instead of conditional expression (20).

0.63<2x(WDxtan(sin NA)+Y,,)/,<3.70 0)

Moreover, it is more preferable that the following condi-
tional expression (20") is satisfied instead of conditional
expression (20).

0.78<2x(WDxtan(sin~' NA)+Y,5)/9,<3.50 (20"

Furthermore, it is even more preferable that the following
conditional expression (20") is satisfied instead of condi-
tional expression (20).

0.98<2x(WDxtan(sin™ NA)+Y,,)/,<3.15 0™

In the optical system according to the tenth embodiment, it
is preferable that the first lens unit includes a negative lens,
and a positive lens which is disposed on the object side of the
negative lens, and the following conditional expression (20-
1) is satisfied:

LO<2x(WDxtan(sin™' NAWY,,)/9,<5.0 (20-1)

where,

WD denotes a distance on the optical axis from the object
up to the object-side surface of the first object-side lens,

NA denotes a numerical aperture on the object side of the
optical system,

Y,,; denotes a maximum object height, and

¢, denotes a diameter of the stop.

By satisfying conditional expression (20-1), it is possible
to realize simultaneously, enlargement of the numerical aper-
ture on the object side, shortening of the overall length of the
optical system, and favorable correction of the chromatic
aberration, while securing appropriately a thickness of opti-
cal components forming the optical system.

A technical significance of conditional expression (20-1) is
same as the technical significance of conditional expression
(20).

BY satisfying conditional expressions (16) and (20-1), and
conditional expression (25) that will be described later, it is
possible to correct the chromatic aberration more favorably
while securing the required lens thickness, and while carrying
out enlargement of the numerical aperture on the object side
and shortening of the overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (20-1") is satisfied instead of conditional expression (20-

1).

1.33<2x(WDxtan(sin™ NA)+Y,,)/¢,<4.75 (20-1")

Moreover, it is more preferable that the following condi-
tional expression (20-1") is satisfied instead of conditional
expression (20-1).

1.78<2x(WDxtan(sin NA)+Y,, )/, <4.51 (20-1")
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Furthermore, it is even more preferable that the following
conditional expression (20-1'"") is satisfied instead of condi-
tional expression (20-1).

2.37<2x(WDxtan(sin™ NA)+Y,5)/,<4.29 (20-1")

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (21)
is satisfied:

0.01<D,,, /$,<3.0 1)

where,

D,,.. denotes a maximum distance from among distances
on the optical axis of adjacent lenses in the optical system,
and

¢, denotes a diameter of the stop.

By satisfying conditional expression (21), it is possible to
correct a chromatic coma more favorably.

By making so as not to fall below a lower limit value of
conditional expression (21), it is possible to reduce deterio-
ration of aberration due to a manufacturing error. For
instance, decentering of a lens at the time of lens assembling
is an example of the manufacturing error.

By making so as not to exceed an upper limit value of
conditional expression (21), even in a case in which, the
numerical aperture on the object side is large, it is possible to
suppress the height of the off-axis marginal ray with respect
to the height of the axial marginal ray from changing substan-
tially between the lenses. For instance, let two adjacent lenses
bealens L, and alens L 5. The height of the off-axis marginal
ray for the lens L., and the height of the off-axis marginal ray
for the lens Lz differ. However, by making a distance between
the lens L, and the lens 5 appropriate, itis possible to reduce
the difference between the height of the off-axis marginal ray
for the lens L, and the height of the off-axis marginal ray for
the lens L 5. As a result, since it is possible to reduce a differ-
ence between the chromatic aberration for an off-axis light
beam incident on the lens L, and the chromatic aberration for
an off-axis light beam incident on the lens L, it is possible to
suppress an occurrence of the chromatic coma.

By satisfying conditional expressions (20) and (21), it is
possible to correct the chromatic coma more favorably while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system, and while securing appropriately the thickness of the
optical components forming the optical system.

Moreover, by satisfying conditional expression (21), and
conditional expressions (23-1) and (24-1) which will be
described later, it is possible to correct the chromatic coma
favorably while securing appropriately the thickness of the
optical components forming the optical system, and besides,
it is possible to achieve both, enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

By satisfying conditional expressions (18) and (21), it is
possible to correct the chromatic coma more favorably while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system, and while securing appropriately the thickness of the
optical components forming the optical system.

Here, it is preferable that the following conditional expres-
sion (21'") is satisfied instead of conditional expression (21).

0.01<D,,,./$,<2.85 1)

Moreover, it is more preferable that the following condi-
tional expression (21") is satisfied instead of conditional
expression (21).

0.02<D,,, /$,<2.50 1"
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Furthermore, it is even more preferable that the following
conditional expression (21") is satisfied instead of condi-
tional expression (21).

0.03D,,,./9,<2.0 1)

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (22)
is satisfied:

0.01=D 1§, <2.0 (22)
where,
DgGimax denotes a maximum distance from among dis-

tances on the optical axis of the adjacent lenses in the first lens
unit, and

¢, denotes a diameter of the stop.

By satisfying conditional expression (22), it is possible to
correct a chromatic coma more favorably.

By making so as not to fall below a lower limit value of
conditional expression (22), it is possible to reduce deterio-
ration of aberration due to a manufacturing error. For
instance, decentering of a lens at the time of lens assembling
is an example of the manufacturing error.

By making so as not to exceed an upper limit value of
conditional expression (22), even in a case in which, the
numerical aperture on the object side is large, it is possible to
suppress the height of the off-axis marginal ray with respect
to the height of the axial marginal ray from changing substan-
tially between the lenses. For instance, let two adjacent lenses
bealens L, and alens L. The height of the off-axis marginal
ray for the lens L., and the height of the off-axis marginal ray
for the lens Lz differ. However, by making a distance between
the lens L, and the lens [z appropriate, it is possible to reduce
the difference between the height of the off-axis marginal ray
for the lens L, and the height of the off-axis marginal ray for
the lens L 5. As a result, since it is possible to reduce a differ-
ence between the chromatic aberration for an off-axis light
beam incident on the lens L, and the chromatic aberration for
an off-axis light beam incident on the lens L, it is possible to
suppress an occurrence of the chromatic coma.

By satisfying conditional expressions (20) and (22), it is
possible to correct the chromatic coma more favorably while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system, and while securing appropriately the thickness of the
optical components forming the optical system.

Moreover, by satisfying conditional expression (22), and
conditional expressions (23-1) and (24-1) which will be
described later, it is possible to correct the chromatic coma
favorably while securing appropriately the thickness of the
optical components forming the optical system, and besides,
it is possible to achieve both, enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

By satisfying conditional expressions (18) and (22), it is
possible to correct the chromatic coma more favorably while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system, and while securing appropriately the thickness of the
optical components forming the optical system.

Here, it is preferable that the following conditional expres-
sion (22') is satisfied instead of conditional expression (22).

0.01€D b <1.80 (22)

Moreover, it is more preferable that the following condi-
tional expression (22") is satisfied instead of conditional
expression (22).

0.02€D g1 <1.62 (22"
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Furthermore, it is even more preferable that the following
conditional expression (22") is satisfied instead of condi-
tional expression (22).

0.032D g1, /0,<1.46 (22"

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the following conditional expression (23) is
satisfied:

0.4<L,/D,; (23)

where,

L; denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the image-side
surface of the second image-side lens, and

D,, denotes a distance on the optical axis from the object up
to the image.

By making so as not to fall below a lower limit value of
conditional expression (23), even in an optical system having
the overall length shortened, since it becomes possible to
change the height of the principal ray emerged from a periph-
ery of the object and reaching a periphery of the image com-
paratively gradually, it is possible to prevent a radius of cur-
vature (paraxial radius of curvature) of a lens in the optical
system from becoming excessively small. As a result, it is
possible to suppress the occurrence of the longitudinal chro-
matic aberration and the chromatic aberration of magnifica-
tion.

Moreover, by satisfying conditional expressions (20) and
(23), even in an optical system having the overall length
shortened as well as the numerical aperture on the object side
enlarged, it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification
more favorably.

By satisfying conditional expression (23), and conditional
expression (25) that will be described later, even in an optical
system having the overall length shortened as well as the
numerical aperture on the object side enlarged, it is possible to
correct the longitudinal chromatic aberration and the chro-
matic aberration of magnification more favorably.

It is preferable that the following conditional expression
(23") is satisfied instead of conditional expression (23).

0.42<L;/D,<0.99 (23)

Moreover, it is more preferable that the following condi-
tional expression (23") is satisfied instead of conditional
expression (23).

0.44<L;/D,<0.98 (23"

Furthermore, it is even more preferable that the following
conditional expression (23") is satisfied instead of condi-
tional expression (23).

0.47<L;/D,<0.97 (23"

Inthe optical system according to the ninth embodiment, it
is preferable that the following conditional expression (23-1)
is satisfied:

0.6<L,/D,, (23-1)

L, denotes a distance on the optical axis from an object-
side surface of the first object-side lens up to an image-side
surface of the second image-side lens, and

D,, denotes a distance on the optical axis from the object to
an image.

A technical significance of conditional expression (23-1) is
same as the technical significance of conditional expression
(23).
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By satisfying conditional expression (23-1), and condi-
tional expression (24-1) that will be described later, it is
possible to achieve both, the favorable correction of the chro-
matic aberration (longitudinal chromatic aberration and chro-
matic aberration of magnification) in particular, and shorten-
ing of the overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (23-1") is satisfied instead of conditional expression (23-

1).

0.63<L;/D,<0.99 (23-1)

Moreover, it is more preferable that the following condi-
tional expression (23-1") is satisfied instead of conditional
expression (23-1).

0.66<L,/D,,<0.98 (23-1")

Furthermore, it is even more preferable that the following
conditional expression (23-1"") is satisfied instead of condi-
tional expression (23-1).

0.70<L,/D,<0.97 (23-1)

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the following conditional expression (24) is

satisfied:
0.01<IAd, = LN, (24)

where,
vd,,, denotes a smallest Abbe’s number from among

Abbe’s numbers for lenses forming the optical system, and

vd, . denotes a largest Abbe’s number from among
Abbe’s numbers for lenses forming the optical system.

By making so as not to fall below a lower limit value of
conditional expression (24), it is possible to correct the lon-
gitudinal chromatic aberration and the chromatic aberration
of magnification favorably. In a case in which, the optical
system includes a diffractive optical element, a lens which
forms the diffractive optical element is to be excluded from
the ‘lenses forming the optical system’ in conditional expres-
sion (24).

By satisfying conditional expressions (20) and (24), even
in an optical system having the overall length shortened as
well as the numerical aperture on the object side enlarged, it
is possible to correct the longitudinal chromatic aberration
and the chromatic aberration of magnification more favor-
ably.

By satisfying conditional expression (24), and conditional
expression (25) that will be described later, even in the optical
system having the overall length shortened as well as the
numerical aperture on the object side enlarged, it is possible to
correct the longitudinal chromatic aberration and the chro-
matic aberration of magnification more favorably.

Here, it is preferable that the following conditional expres-
sion (24") is satisfied instead of conditional expression (24).

0.012<1/vd, ;- 1/vd,,,<0.050 (24)

Moreover, it is more preferable that the following condi-
tional expression (24") is satisfied instead of conditional
expression (24).

0.014<1Ad,

= 1/Vd,, 1 <0.040 @4

Furthermore, it is even more preferable that the following
conditional expression (24") is satisfied instead of condi-
tional expression (24).

0.016<1Ad, 5~ 1/vd,,, <0.035 (24™)
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Inthe optical system according to the ninth embodiment, it
is preferable that the following conditional expression (24-1)
is satisfied:

0.015<1Ad, -1V d, (24-1)

where,
vd,,;, denotes a smallest Abbe’s number from among
Abbe’s numbers for lenses forming the optical system, and

vd,,,. denotes a largest Abbe’s number from among the
Abbe’s numbers for lenses forming the optical system.

A technical significance of conditional expression (24-1) is
same as the technical significance of conditional expression
24).

By satisfying conditional expressions (15-1), (16), and
(24-1), it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification
favorably. As a result, it is possible to observe a microscopic
structure of a sample with a high resolution, even in color.

Here, it is preferable that the following conditional expres-
sion (24-1") is satisfied instead of conditional expression (24-

1).

0.017<1Ad, -1V d,,,<0.050 (24-1)

Moreover, it is more preferable that the following condi-
tional expression (24-1") is satisfied instead of conditional
expression (24-1).

0.019<1Ad, -1V d,,,<0.040 (241"

Furthermore, it is even more preferable that the following
conditional expression (24-1'"") is satisfied instead of condi-
tional expression (24-1).

0.021<1/~d,,,~1vd,,, <0.035 (24-1")

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the following conditional expression (25) is
satisfied:

0.15<D,/D,<0.8 (25)

where,

D, denotes a distance on the optical axis from the objectup
to the stop, and

D,, denotes a distance on the optical axis from the object up
to the image.

By making so as not to fall below a lower limit value of
conditional expression (25), it is possible to maintain appro-
priately the positive refractive power of the first lens unit
while securing an appropriate thickness in lenses forming the
first lens unit. As a result, it is possible to correct the chro-
matic aberration favorably while correcting a monochromatic
aberration such as the curvature of field in the first lens unit.
Moreover, as it is possible to correct the longitudinal chro-
matic aberration in the first lens unit favorably, an excessive
correction of the longitudinal chromatic aberration in the
second lens unit becomes unnecessary. Accordingly, since the
chromatic aberration of magnification in the second lens unit
can be corrected favorably, it is possible to correct the chro-
matic aberration of magnification in the overall optical sys-
tem favorably.

By making so as not to exceed an upper limit value of
conditional expression (25), since it becomes possible to
change the height of the principal ray emerged from the stop
and reaching a periphery of the image comparatively gradu-
ally, it is possible to prevent a radius of curvature of a lens in
the second lens unit from becoming excessively small. There-
fore, it is possible to correct also the chromatic aberration
favorably while correcting the monochromatic aberration
such as the curvature of field in the second lens unit.
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By satisfying conditional expressions (16), (19), (20), and
(25), it is possible to correct the chromatic aberration more
favorably while suppressing an occurrence of the monochro-
matic aberration such as the curvature of field, and while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system.

By satisfying conditional expressions (18) and (25), it is
possible to realize simultaneously, enlargement of the
numerical aperture on the object side, shortening of the over-
all length of the optical system, and favorable correction of
the chromatic aberration, while suppressing the occurrence of
the monochromatic aberration such as the curvature of field.

Here, it is preferable to that following conditional expres-
sion (25" is satisfied instead of conditional expression (25).

0.19<D,/D,<0.76 (25

Moreover, it is more preferable that the following condi-
tional expression (25") is satisfied instead of conditional
expression (25).

0.21<D,/D,<0.72 (25"

Furthermore, it is even more preferable that the following
conditional expression (25") is satisfied instead of condi-
tional expression (25).

0.35<D,/D,<0.69 (25"

In the optical system according to the ninth embodiment, it
is preferable that the following conditional expression (25-1)
is satisfied:

0.15<D,/D,<0.65 (25-1)

where,

D, denotes a distance on an optical axis from the object up
to the stop, and

D,, denotes a distance on the optical axis from the object up
to an image.

A technical significance of conditional expression (25-1) is
same as the technical significance of conditional expression
(25).

By satisfying conditional expressions (23-1), (24-1), and
(25-1), it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification
more favorably while carrying out enlargement of the
numerical aperture on the object side and shortening of the
overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (25-1") is satisfied instead of conditional expression (25-

1).

0.17<D,/D,<0.62 (25-1)

Moreover, it is more preferable that the following condi-
tional expression (25-1") is satisfied instead of conditional
expression (25-1).

0.21<D,/D,<0.59 (25-1")

Furthermore, it is even more preferable that the following
conditional expression (25-1"") is satisfied instead of condi-
tional expression (25-1).

0.35<D,/D,<0.56 (25-1")

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (26)
is satisfied:

0.95<¢g, /xY/IBI) (26)
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where,

$ 5, denotes an effective diameter of the object-side sur-
face of the first object-side lens,

Y denotes a maximum image height in an overall optical
system, and

[ denotes an imaging magnification of the optical system.

By making so as not to fall below a lower limit value of
conditional expression (26), it is possible to make small a
difference in angles of incidence when the off-axis marginal
ray is incident on the lens, or in other words, to make small a
difference in an angle of incidence of an upper-side light ray
and an angle of incidence of a lower-side light ray. Accord-
ingly, it is possible to correct the coma and the chromatic
coma favorably. Moreover, in an optical system having the
numerical aperture on the object side enlarged, it is possible to
correct the coma and the chromatic coma favorably.

Here, it is preferable that the following conditional expres-
sion (26") is satisfied instead of conditional expression (26).

1.00<¢g, /(2x ¥/IB)<10.00 (26')

Moreover, it is more preferable that the following condi-
tional expression (26") is satisfied instead of conditional
expression (26).

1.05<¢,,/(2x ¥/IBH<7.00 (26"

Furthermore, it is even more preferable that the following
conditional expression (26") is satisfied instead of condi-
tional expression (26).

1.11<¢g,,/(2x ¥/IB1)<5.00 (26™)

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (27)
is satisfied:

0<BF/L;<04 @7

where,

BF denotes a distance on an optical axis from the image-
side surface of the second image-side lens up to the image,
and

L; denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the image-side
surface of the second image-side lens.

By making so as not to fall below a lower limit value of
conditional expression (27), it is possible to increase a dis-
tance between the second image-side lens and the image
pickup element. Accordingly, even when a ghost is generated
due to multiple reflection between the second image-side lens
and the image pickup element, it is possible to prevent the
ghost from being incident on a surface of the image pickup
element with a high density.

By making so as not to exceed an upper limit value of
conditional expression (27), it is possible to prevent occu-
pancy of a space of the back focus with respect to the overall
length of the optical system from becoming excessively large.
Accordingly, since there is an increase in a degree of freedom
of'positions at the time of disposing the lenses, itis possible to
correct various aberrations favorably. For instance, by dispos-
ing a lens having a function of correcting chromatic aberra-
tion in the first lens unit and the second lens unit, and adjust-
ing a positional relationship of these lenses, it is possible to
achieve both, the favorable correction of the longitudinal
chromatic aberration and the favorable correction of the chro-
matic aberration of magnification.

By satisfying conditional expressions (16), (19), (20), and
(27), it is possible to correct the longitudinal chromatic aber-
ration and the chromatic aberration of magnification more
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favorably while carrying out enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

By satisfying conditional expressions (23-1), (24-1), and
(27), it is possible to correct the longitudinal chromatic aber-
ration and the chromatic aberration of magnification more
favorably while carrying out enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

By satisfying conditional expressions (18) and (27), it is
possible to correct the longitudinal chromatic aberration and
the chromatic aberration of magnification more favorably
while carrying out enlargement of the numerical aperture on
the object side and shortening of the overall length of the
optical system.

Here, it is preferable that the following conditional expres-
sion (27" is satisfied instead of conditional expression (27).

0.01<BF/L;<0.36 @7)

Moreover, it is more preferable that the following condi-
tional expression (27") is satisfied instead of conditional
expression (27).

0.02<BF/L;<0.32 27"

Furthermore, it is even more preferable that the following
conditional expression (27") is satisfied instead of condi-
tional expression (27).

0.03<BF/L;<0.28 Q7"

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (28)
is satisfied:

0<BF/¥Y<7.0 (28)

where,

BF denotes a distance on an optical axis from the image-
side surface of the second image-side lens up to the image,
and

Y denotes a maximum image height in an overall optical
system.

By satisfying conditional expression (28), it is possible to
correct an aberration more favorably, particularly an aberra-
tion in a peripheral portion of an image, while shortening the
overall length of the optical system.

By making so as not to fall below a lower limit value of
conditional expression (28), it is possible to increase a dis-
tance between the second image-side lens and the image
pickup element. Accordingly, even when a ghost is generated
due to multiple reflection between the second image-side lens
and the image pickup element, it is possible to prevent the
ghost from being incident on the surface of the image pickup
element with a high density.

By making so as not to exceed an upper limit value of
conditional expression (28), it is possible to prevent the occu-
pancy of a space of the back focus with respect to the overall
length of the optical system from becoming excessively large.
Accordingly, since there is an increase in the degree of free-
dom of positions at the time of disposing the lenses, it is
possible to correct various aberrations favorably. For
instance, by disposing the lens having the function of correct-
ing chromatic aberration in the first lens unit and the second
lens unit, and adjusting a positional relationship of these
lenses, it is possible to achieve both, the favorable correction
of the longitudinal chromatic aberration and the favorable
correction of the chromatic aberration of magnification.
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Here, it is preferable that the following conditional expres-
sion (28') is satisfied instead of conditional expression (28).

0.05<BF/¥<6.30 (289

Moreover, it is more preferable that the following condi-
tional expression (28") is satisfied instead of conditional
expression (28).

0.10<BF/Y<5.67 (28"

Furthermore, it is even more preferable that the following
conditional expression (28") is satisfied instead of condi-
tional expression (28).

0.15<BF/Y<5.10 (28™)

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the following conditional expression (29) is
satisfied:

-0.2<961,/R61,<3.0

where,

¢ 51, denotes an effective diameter of the object-side sur-
face of the first object-side lens, and

Rg,, denotes a radius of curvature of the object-side sur-
face of the first object-side lens.

Inan optical system in which, the numerical aperture on the
object side has been enlarged and the working distance made
long, a diameter of a light beam incident on the first object-
side lens is spread sufficiently. By making so as not to fall
below alower limit value of conditional expression (29), even
in such optical system, it is possible to suppress the light beam
that is incident, from being diverged. As a result, in a lens
disposed on the image side of the first object-side lens, it is
possible to suppress an occurrence of various aberrations
such as the spherical aberration and the coma aberration.

By making so as not to exceed an upper limit value of
conditional expression (29), since it is possible to prevent
difference in angles of incidence when the off-axis marginal
ray is incident on the lens, or in other words, to prevent the
difference in an angle of incidence of an upper-side light ray
and an angle of incidence of a lower-side light ray from
becoming excessively large, it is possible to suppress the
occurrence of the coma.

Particularly, in a case in which, the working distance has
been secured sufficiently, in the optical system with the large
numerical aperture on the object side, it is possible to correct
various aberrations such as the coma more favorably while
shortening the overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (29") is satisfied instead of conditional expression (29).

29)

~0.15<¢ 61 /R 51,<2.10 (29"

Moreover, it is more preferable that the following condi-
tional expression (29") is satisfied instead of conditional
expression (29).

~0.10<¢g, /R g1,<1.47 (29"

Furthermore, it is even more preferable that the following
conditional expression (29") is satisfied instead of condi-
tional expression (29).

~0.05<¢g, /R 1,<1.03 (29™)

Inthe optical system according to the present embodiment,
it is preferable that the second lens unit includes four lenses,
and at least one of the four lenses in the second lens unit is a
negative lens, and at least one of the four lenses in the second
lens unit is a positive lens, and an object-side surface of the
positive lens from among the positive lenses, which is posi-
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tioned nearest to the object side, is a convex surface that is
convex toward the object side.

By making such an arrangement, it is possible to correct
various aberrations, particularly the chromatic aberration of
magnification more favorably, while shortening the overall
length of the optical system. In other words, it is possible to
make an adjustment to position the principal point of the
second lens unit on the object side, and to dispose a plurality
oflenses having different optical characteristics. Therefore, it
is possible to correct the chromatic aberration and other vari-
ous aberrations in the second lens unit favorably while short-
ening a conjugate length (a distance from the object up to the
image). As a result, it is possible to correct favorably various
aberrations including the chromatic aberration of magnifica-
tion in the overall optical system while shortening the overall
length of the optical system.

In the optical system according to the present embodiment,
it is preferable that the first lens unit includes a first image-
side lens which is disposed nearest to the image side, and a
distance of two lenses positioned on two sides of the stop is
fixed, and the following conditional expression (30) is satis-
fied:

De162/4:<2.0 (30)

where,

D4, 6, denotes a distance on the optical axis from the
image-side surface of the first image-side lens up to the
object-side surface of the second object-side lens, and

¢, denotes a diameter of the stop.

By satisfying conditional expression (30), it is possible to
maintain appropriately a balance between a predetermined
refraction effect in the first lens unit and a predetermined
refraction effect in the second lens unit, while shortening the
overall length of the optical system. As a result, it is possible
to correct the chromatic aberration of magnification and other
off-axis aberrations more favorably. The predetermined
refraction effect is same as the predetermined refraction
effect described in conditional expression (20).

By making so as not to exceed an upper limit value of
conditional expression (30), it is possible to make the optical
system thin while preventing an angle of incidence of an
off-axis light beam incident on the second lens unit from
becoming excessively small. Therefore, it is possible to sup-
press the predetermined refraction effect in the first lens unit
from becoming excessively large, and moreover not to let the
predetermined refraction effect in the second lens unit
become excessively small, while maintaining the required
imaging magnification. Accordingly, since it is possible to
maintain appropriately the balance between the predeter-
mined refraction effect in the first lens unit and the predeter-
mined refraction effect in the second lens unit, it is possible to
correct the chromatic aberration of magnification and other
off-axis aberrations more favorably.

Here, it is preferable that the following conditional expres-
sion (30" is satisfied instead of conditional expression (30).

0.01<Dyg; 62/$,<1.80 30)

Moreover, it is more preferable that the following condi-
tional expression (30") is satisfied instead of conditional
expression (30).

0.03<Dg162/4,<1.53 (30"

Furthermore, it is even more preferable that the following
conditional expression (30") is satisfied instead of condi-
tional expression (30).

0.05<Dg162/$,<1.30 (30"
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In the optical system according to the eighth embodiment
and the optical system according to the ninth embodiment, it
is preferable that the following conditional expression (31) is
satisfied:

0.1<Lg/Lr<1.5 31)

where,

L, denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to an image-side
surface of the first image-side lens, and

L, denotes a distance on the optical axis from an object-
side surface of the second object-side lens up to the image
side surface of the second image-side lens.

By making so as not to fall below a lower limit value of
conditional expression (31), it is possible to maintain appro-
priately the positive refractive power of the first lens unit
while securing the appropriate thickness of lenses forming
the first lens unit. Therefore, it is possible to position the
principal point on the object side and to shorten the overall
length of the optical system while correcting the longitudinal
chromatic aberration favorably.

By making so as not to exceed an upper limit value of
conditional expression (31), in a case of securing the appro-
priate working distance, since it is possible to change the
height of a principal ray emerged from the stop and reaching
the periphery of the image in the second lens unit compara-
tively gradually, it is possible to prevent a radius of curvature
of'a lens in the second lens unit from becoming excessively
small. Therefore, it is possible to correct the chromatic aber-
ration of magnification more favorably.

By satisfying conditional expressions (16), (19), (20), and
(31), it is possible to correct the longitudinal chromatic aber-
ration and the chromatic aberration of magnification more
favorably while securing sufficient working distance, and
while carrying out enlargement of the numerical aperture on
the object side and shortening of the overall length of the
optical system.

By satisfying conditional expressions (23-1), (24-1), and
(31), it is possible to correct the longitudinal chromatic aber-
ration and the chromatic aberration of magnification more
favorably while carrying out enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

Here, it is preferable that the following conditional expres-
sion (31") is satisfied instead of conditional expression (31).

0.14<L g /Lr<1.43 31

Moreover, it is more preferable that the following condi-
tional expression (31") is satisfied instead of conditional
expression (31).

0.20<L\/Lr<1.35 31"

Furthermore, it is even more favorable that the following
conditional expression (31") is satisfied instead of condi-
tional expression (31).

0.29<L /L r<1.29 31"

In the optical system according to the tenth embodiment, it
is preferable that the following conditional expression (31-1)
is satisfied:

0.1<L1/Ley<l 4 (31-1)

where,

L, denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to an image-side
surface of the first image-side lens, and
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L, denotes a distance on the optical axis from an object-
side surface of the second object-side lens up to the image
side surface of the second image-side lens.

A technical significance of conditional expression (31-1) is
same as the technical significance of conditional expression
(31).

By satisfying conditional expressions (18) and (31-1), it is
possible to correct the longitudinal chromatic aberration and
the chromatic aberration of magnification more favorably
while securing the appropriate working distance, and while
carrying out enlargement of the numerical aperture on the
object side and shortening of the overall length of the optical
system.

Here, it is preferable that the following conditional expres-
sion (31-1") is satisfied instead of conditional expression (31-

1).

0.14<Lg/Ler<1.33 31-1)

Moreover, it is more preferable that the following condi-
tional expression (31-1") is satisfied instead of conditional
expression (31-1).

0.20<L/L5r<1.26 (31-1")

Furthermore, it is even more preferable that the following
conditional expression (31-1"") is satisfied instead of condi-
tional expression (31-1).

0.29<L /L r<1.20 (31-1")

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (32)
is satisfied:

0.1<Lg/Li<1.5 (32)

where,

L, ; denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the stop, and

L, denotes a distance on the optical axis from the stop up
to the image side surface of the second image-side lens.

By satisfying conditional expression (32), it is possible to
correct more favorably an aberrationina peripheral portion of
the image, particularly the chromatic aberration of magnifi-
cation while shortening the overall length of the optical sys-
tem.

By making so as not to fall below a lower limit value of
conditional expression (32), it is possible to secure suffi-
ciently a space for disposing the first lens unit. Accordingly, it
is possible to secure an appropriate thickness in lenses form-
ing the first lens unit, and to increase a degree of freedom of
selection of curvature of a lens surface, and to dispose a large
number of lenses having different optical characteristics.
Therefore, it is possible to correct also the chromatic aberra-
tion favorably while correcting the monochromatic aberra-
tion in the first lens unit. Moreover, as it is possible to correct
the longitudinal chromatic aberration in the first lens unit
favorably, an excessive correction of the longitudinal chro-
matic aberration in the second lens unit becomes unnecessary.
Accordingly, since the chromatic aberration of magnification
in the second lens unit can be corrected favorably, it is pos-
sible to correct the chromatic aberration of magnification in
the overall optical system favorably.

By making so as not to exceed an upper limit value of
conditional expression (32), it is possible to secure suffi-
ciently a space for disposing the second lens unit. Accord-
ingly, it is possible to secure an appropriate thickness in
lenses forming the second lens unit, and to increase a degree
of freedom of selection of curvature of a lens surface, and to
dispose a large number of lenses having different optical
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characteristics. Therefore, it is possible to correct also the
chromatic aberration favorably while correcting the mono-
chromatic aberration in the second lens unit. Moreover, as it
is possible to correct the longitudinal chromatic aberration in
the second lens unit favorably, an excessive correction of the
longitudinal chromatic aberration in the first lens unit
becomes unnecessary. Accordingly, since the chromatic aber-
ration of magnification in the first lens unit can be corrected
favorably, it is possible to correct the chromatic aberration of
magnification in the overall optical system favorably.

Here, it is preferable that the following conditional expres-
sion (32'") is satisfied instead of conditional expression (32).

0.14<Lg/L6r<1.35 (32)

Moreover, it is more preferable that the following condi-
tional expression (32") is satisfied instead of conditional
expression (32).

0.20<L /L, gr<1.22 (32"

Furthermore, it is even more preferable that the following
conditional expression (32") is satisfied instead of condi-
tional expression (32).

0.29<L /L, 6><1.09 (32"

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (33)
is satisfied:

08206 1 max/ P 62mar<5.0

where,

§ z1.max denotes amaximum effective diameter from among
effective diameter of lenses in the first lens unit, and

P Gamax denotes amaximum effective diameter from among
effective diameter of lenses in the second lens unit.

By satisfying conditional expression (33), it is possible to
maintain appropriately the balance between a predetermined
refraction effect in the first lens unit and a predetermined
refraction effect in the second lens unit while shortening the
overall length of the optical system. As a result, it is possible
to correct the chromatic aberration of magnification and other
off-axis aberrations more favorably.

By making so as not to fall below a low limit value of
conditional expression (33), it is possible to make the optical
system thin while preventing a diameter of a lens forming the
first lens unit from becoming excessively small. Therefore, in
a region on the object side of the first lens unit, it is possible
to prevent a light ray height of an off-axis light beam from
becoming excessively low. Accordingly, since itis possible to
secure appropriately a space in an optical axial direction of
the first lens unit, it is possible to correct the chromatic aber-
ration of magnification favorably.

By making so as not to exceed an upper limit value of
conditional expression (33), it is possible to make the optical
system thin while preventing a diameter of a lens forming the
second lens unit from becoming excessively small. In this
case, since it is not necessary anymore to make an angle of
incidence of an off-axis light beam that is incident on the
second lens unit excessively small, it is possible to suppress
the predetermined refraction effect in the first lens unit from
becoming excessively large, and moreover not to let the pre-
determined refraction effect in the second lens unit become
excessively small while maintaining the required imaging
magnification. In such manner, since it is possible to maintain
appropriately the balance between the predetermined refrac-
tion effect in the first lens unit and the predetermined refrac-
tion effect in the second lens unit, it is possible to correct the
chromatic aberration of magnification and other off-axis
aberrations more favorably.

(33)
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Here, it is preferable that the following conditional expres-
sion (33") is satisfied instead of conditional expression (33).

084206 | e/ PG2max<4-50 (33)

Moreover, it is more preferable that the following condi-
tional expression (33") is satisfied instead of conditional
expression (33).

0882061 e/ PGmax<3-50

Furthermore, it is even more preferable that the following
conditional expression (33") is satisfied instead of condi-
tional expression (33).

(33"

0.93206 1 max/ PGamax<2.50

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (34)
is satisfied:

(33")

0.5<D, /L ;<4.0 (34

where,

D, denotes a distance on an optical axis from the object up
to the stop, and

L, denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the image-side
surface of the first image-side lens.

By making so as not to fall below a lower limit value of
conditional expression (34), it is possible to secure suffi-
ciently a space for disposing the second lens unit. Accord-
ingly, it is possible to secure an appropriate thickness in
lenses forming the second lens unit, and to increase a degree
of freedom of selection of curvature of a lens surface, and to
dispose a large number of lenses having different optical
characteristics. Therefore, it is possible to correct also the
chromatic aberration favorably while correcting the mono-
chromatic aberration in the second lens unit. Moreover, as it
is possible to correct the longitudinal chromatic aberration in
the second lens unit favorably, an excessive correction of the
longitudinal chromatic aberration in the first lens unit
becomes unnecessary. Accordingly, since the chromatic aber-
ration of magnification in the first lens unit can be corrected
favorably, it is possible to correct the chromatic aberration of
magnification in the overall optical system favorably.

By making so as not to exceed an upper limit value of
conditional expression (34), it is possible to secure suffi-
ciently a space for disposing the first lens unit. Accordingly, it
is possible to secure an appropriate thickness in lenses form-
ing the first lens unit, and to increase a degree of freedom of
selection of curvature of a lens surface, and to dispose a large
number of lenses having different optical characteristics.
Therefore, it is possible to correct also the chromatic aberra-
tion favorably while correcting the monochromatic aberra-
tion in the first lens unit. Moreover, as it is possible to correct
the longitudinal chromatic aberration in the first lens unit
favorably, an excessive correction of the longitudinal chro-
matic aberration in the second lens unit becomes unnecessary.
Accordingly, since the chromatic aberration of magnification
in the second lens unit can be corrected favorably, it is pos-
sible to correct the chromatic aberration of magnification in
the overall optical system favorably.

By satisfying conditional expressions (16), (19), (20), and
(34), it is possible to correct the chromatic aberration of
magnification more favorably while carrying out enlargement
of'the numerical aperture on the object side and shortening of
the overall length of the optical system.

By satisfying conditional expressions (23-1), (24-1), and
(34), it is possible to correct the longitudinal chromatic aber-
ration and the chromatic aberration of magnification more
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favorably while carrying out enlargement of the numerical
aperture on the object side and shortening of the overall
length of the optical system.

By satisfying conditional expressions (18) and (34), it is
possible to correct the chromatic aberration of magnification
more favorably while carrying out enlargement of the
numerical aperture on the object side and shortening of the
overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (34") is satisfied instead of conditional expression (34).

0.7<D,/L5<3.8 (34)

Moreover, it is more preferable that the following condi-
tional expression (34") is satisfied instead of conditional
expression (34).

1.0<D,/L5<3.6 (34"

Furthermore, it is even more preferable that the following
conditional expression (34") is satisfied instead of condi-
tional expression (34).

1.5<D, /L <34 (34")

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expressions (35)
and (36) are satisfied:

1.0<Dgyp/'¥Y 35)

0=CRA 4,/ CRA,<0.5

img (36)
where,

D» denotes a distance on the optical axis from a position
of'an entrance pupil of the optical system up to the object-side
surface of the first object-side lens,

Y denotes a maximum image height in an overall optical
system,

CRA,,,; denotes a maximum angle from among angles
made by a principal ray that is incident on the first object-side
lens, with the optical axis, and

CRA,,, denotes a maximum angle from among angles
made by a principal ray that is incident on an image plane,
with the optical axis, and

an angle measured in a direction of clockwise rotation is let
to be a negative angle, and an angle measured in a direction of
counterclockwise rotation is let to be a positive angle.

By making so as not to fall below a lower limit value of
conditional expression (36), since an angle of incidence of an
off-axis light beam on an image pickup surface does not
become excessively large, it is possible to prevent degrada-
tion of an amount of light at periphery more efficiently.

By making so as not to exceed an upper limit value of
conditional expression (36), a divergence effect is imparted to
a region near an image side of the optical system, and it is
possible to make an arrangement of the optical system to be of
a telephoto type. As a result, it is possible to shorten the
overall length of the optical system.

Satistying conditional expressions (16), (19), (20), (35),
and (36) is advantageous for favorable correction of the chro-
matic aberration and for shortening the overall length of the
optical system while securing the amount of light at periph-
ery.

Satistying conditional expressions (23-1), (24-1), (35),and
(36) is advantageous for favorable correction of the chromatic
aberration, and for shortening the overall length of the optical
system while securing the amount of light at periphery.

Satisfying conditional expressions (18), (35), and (36) is
advantageous for favorable correction of the chromatic aber-
ration, and for shortening the overall length of the optical
system while securing the amount of light at periphery.
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Here, it is preferable that the following conditional expres-
sion (36") is satisfied instead of conditional expression (36).

0.01=CRA,,,/CRA,

b img<0.48 (36"

Moreover, it is more preferable that the following condi-
tional expression (36") is satisfied instead of conditional
expression (36).

0.025CRA,,;,/CRA,, <046 (36"

Furthermore, it is even more preferable that the following
conditional expression (36") is satisfied instead of condi-
tional expression (36).

0.03=CRA,,,/CRA,

o/ CRA 3y <0.44 (36"

In the optical system according to the present embodiment,
it is preferable that the first lens unit includes the first object-
side lens, and a lens which disposed to be adjacent to the first
object-side lens, and at least one of the first object-side lens
and the lens disposed to be adjacent to the first object-side
lens has a positive refractive power.

By one of the first object-side lens and the lens disposed to
be adjacent to the first object-side lens, on the image side of
the first object-side lens, having a positive refractive power, it
is possible to position the principal point of the first lens unit
on the object side. As a result, it is possible to secure the
working distance sufficiently. The first object-side lens and
the lens disposed to be adjacent to the first object-side lens, on
the image side of the first object-side lens may be in separated
state or may be in cemented state.

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the first object-side lens has a positive
refractive power. Moreover, it is preferable that the following
conditional expression (37) is satisfied:

0.05<fe1/

where,

f,, denotes a focal length of the first object-side lens, and

fdenotes a focal length of an overall optical system.

Inthe optical system which satisfies conditional expression
(20), by imparting the positive refractive power to the first
object-side lens, a height of the off-axis marginal ray can be
suppressed while positioning the principal point of the first
lens unit on the object side. Therefore, it is possible to achieve
both, enlargement of the numerical aperture on the object side
and shortening of the overall length of the optical system.
Furthermore, by satisfying conditional expression (37), it is
possible to suppress the occurrence of the spherical aberra-
tion and the coma more effectively.

Inthe optical system which satisfies conditional expression
(25), by imparting the positive refractive power to the first
object-side lens, the height of the off-axis marginal ray can be
suppressed while positioning the principal point of the first
lens unit on the object side. Therefore, it is possible to achieve
both, enlargement of the numerical aperture on the object side
and shortening of the overall length of the optical system.
Furthermore, by satisfying conditional expression (37), it is
possible to suppress the occurrence of the spherical aberra-
tion and the coma more effectively.

Here, it is preferable that the following conditional expres-
sion (37" is satisfied instead of conditional expression (37).

G7

0.06<f51,/f<50.00 37)

Moreover, it is more preferable that the following condi-
tional expression (37") is satisfied instead of conditional
expression (37).

0.07<f51,//<25.00 37

20

65

52

Furthermore, it is even more preferable that the following
conditional expression (37") is satisfied instead of condi-
tional expression (37).

0.10<f5,,/f<20.00 37"

Inthe optical system according to the ninth embodiment, it
is preferable that the first object-side lens has a negative
refractive power. Moreover, it is preferable that the following
conditional expression (37-1) is satisfied:

Jo1/4<-0.01

where,

f51, denotes a focal length of the first object-side lens, and

f denotes a focal length of an overall optical system.

In the optical system which satisfies conditional expres-
sions (23-1) and (24-1), by imparting the negative refractive
power to the first object-side lens, it is possible to secure
sufficiently a space for disposing the first lens unit, as well as
to maintain appropriately a height of the oft-axis marginal ray
in a region on the object side of the first lens unit. Further-
more, by satisfying conditional expression (37-1), it is pos-
sible to suppress the off-axis marginal ray from being
diverged excessively. Accordingly, it is possible to correct
aberrations such as the chromatic aberration of magnification
favorably.

Here, it is preferable that the following conditional expres-
sion (37-1") is satisfied instead of conditional expression (37-

1).

(37-1)

—500.00<f5,,/f<-0.02 (37-1)

Moreover, it is more preferable that the following condi-
tional expression (37-1") is satisfied instead of conditional
expression (37-1).

~250.00<f5,,/f<-0.04 (37-1"

Furthermore, it is even more preferable that the following
conditional expression (37-1"") is satisfied instead of condi-
tional expression (37-1).

~100.00<f 5, /f<-0.08 (37-1")

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the object-side surface of the first object-
side lens is convex toward the object side. Moreover, it is
preferable that the following conditional expression (38) is
satisfied:

0.02<R, /WD (38)

where,

R, denotes a radius of curvature of the object-side sur-
face of the first object-side lens, and

WD denotes a distance on an optical axis from the object up
to an object-side side surface of the first object-side lens.

In the optical system which satisfies the conditional
expression (20), by imparting the positive refractive power to
the object-side surface of the first object-side lens, a height of
the off-axis marginal ray can be suppressed while positioning
the principal point of the first lens unit on the object side.
Therefore, it is possible to achieve both, enlargement of the
numerical aperture on the object side and shortening of the
overall length of the optical system. Furthermore, by satisfy-
ing conditional expression (38), it is possible to suppress the
occurrence of the spherical aberration and the coma more
effectively.

In the optical system which satisfies the conditional
expression (25), by imparting the positive refractive power to
the object-side surface of the first object-side lens, the height
of'the off-axis marginal ray can be suppressed while position-
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ing the principal point of the first lens unit on the object side.
Therefore, it is possible to achieve both, enlargement of the
numerical aperture on the object side and shortening of the
overall length of the optical system. Furthermore, by satisfy-
ing conditional expression (38), it is possible to suppress the
occurrence of the spherical aberration and the coma more
effectively.

Here, it is preferable that the following conditional expres-
sion (38') is satisfied instead of conditional expression (38).

0.02<R ,,/WD<20.00 (3%)

Moreover, it is more preferable that the following condi-
tional expression (38") is satisfied instead of conditional
expression (38).

0.03<R,,/WD<15.00 (38"

Furthermore, it is even more preferable that the following
conditional expression (38") is satisfied instead of condi-
tional expression (38).

0.04<R s, /WD<10.00 (3%)

In the optical system according to the ninth embodiment, it
is preferable that the object-side surface of the first object-
side lens is concave toward the object side. Moreover, it is
preferable that the following conditional expression (38-1) is
satisfied:

Re1,/WD<-0.1 (38-1)

where,

R, denotes the radius of curvature of the object-side
surface of the first object-side lens, and

WD denotes a distance on an optical axis from the object up
to an object-side side surface of the first object-side lens.

In the optical system which satisfies conditional expres-
sions (23-1) and (24-1), by imparting the negative refractive
power to the object-side surface of the first object-side lens, it
is possible to secure sufficiently a space for disposing the first
lens unit, as well as to maintain appropriately the height of the
off-axis marginal ray in a region on the object side of the first
lens unit. Furthermore, by satisfying conditional expression
(38-1), it is possible to suppress divergence of the off-axis
marginal ray. Accordingly, it is possible to correct aberrations
such as the chromatic aberration of magnification favorably.

Here, it is preferable that the following conditional expres-
sion (38-1") is satisfied instead of conditional expression (38-

1).

-250.00<R ¢, /WD<-0.14 (38-1)

Moreover, it is more preferable that the following condi-
tional expression (38-1") is satisfied instead of conditional
expression (38-1).

~100.00<R g, /WD<-0.20 (38-1")

Furthermore, it is even more preferable that the following
conditional expression (38-1"") is satisfied instead of condi-
tional expression (38-1).

~50.00<Rg,,/WD<-0.29 (38-1")

In the optical system according to the present embodiment,
it is preferable that the second lens unit includes a predeter-
mined lens unit nearest to the image, and the predetermined
lens unit has a negative refractive power as a whole, and
consists a single lens having a negative refractive power or
two single lenses, and the two single lenses consist in order
from the object side, a lens having a negative refractive power,
and a lens having one of a positive refractive power and a
negative refractive power.
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Inthe optical system which satisfies conditional expression
(20), by further disposing the predetermined lens unit, or in
other words, a lens unit having a negative refractive power, at
a position nearest to the image side of the second lens unit, it
is possible to position the principal point on the object side.
Accordingly, since it becomes possible to change the height
of the principal ray emerged from the stop and reaching the
periphery of the image in the second lens unit comparatively
gradually while shortening the overall length of the optical
system, it is possible to correct favorably the chromatic aber-
ration of magnification in particular.

In the optical system which satisfies conditional expres-
sions (21), (23-1), and (24-1), by further disposing the pre-
determined lens unit, or in other words, a lens unit having a
negative refractive power, at a position nearest to the image
side of the second lens unit, it is possible to position the
principal point on the object side. Accordingly, since it
becomes possible to change the height of the principal ray
emerged from the stop and reaching the periphery of the
image in the second lens unit comparatively gradually while
shortening the overall length of the optical system, it is pos-
sible to correct favorably the chromatic aberration of magni-
fication in particular.

In the optical system which satisfies conditional expres-
sions (18) and (25), by further disposing the predetermined
lens unit, or in other words, a lens unit having a negative
refractive power, at a position nearest to the image side of the
second lens unit, it is possible to position the principal point
on the object side. Accordingly, since it becomes possible to
change the height of the principal ray emerged from the stop
and reaching the periphery of the image in the second lens
unit comparatively gradually while shortening the overall
length of the optical system, it is possible to correct favorably
the chromatic aberration of magnification in particular.

Inthe optical system according to the present embodiment,
it is preferable that an image-side surface of the second
image-side lens is concave toward the image side, and that the
following conditional expression (39) is satisfied:

0.1=Rg»/BF (39)

where,

R ,; denotes aradius of curvature of the image-side surface
of'the second image-side lens, and

BF denotes a distance on the optical axis from an image-
side surface of the second image-side lens up to the image.

Since it is possible to position the principal point of the
second lens unit on the object side, itis possible to shorten the
optical system while maintaining a favorable imaging perfor-
mance.

Here, it is preferable that the following conditional expres-
sion (39") is satisfied instead of conditional expression (39).

0.2<R»/BF (39

Moreover, it is more preferable that the following condi-
tional expression (39") is satisfied instead of conditional
expression (39).

0.4<R>/BF (39"

Furthermore, it is even more preferable that the following
conditional expression (39") is satisfied instead of condi-
tional expression (39).

0.8<R 5/BF (39")

Inthe optical system according to the present embodiment,
it is preferable that the second lens unit includes a predeter-
mined lens unit nearest to the image, and the positive lens is
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disposed on the object side of the predetermined lens unit, and
the positive lens is disposed to be adjacent to the predeter-
mined lens unit.

By disposing the positive lens on the object side of the
predetermined lens unit, and disposing the positive lens to be
adjacent to the predetermined lens unit, it is possible to sup-
press an angle of incidence of an off-axis light beam on the
second lens unit from becoming large, while shortening the
overall length of the optical system. As a result, since it is
possible to prevent a height of a light ray of the off-axis light
beam from becoming excessively high, it is possible to make
the optical system thin. Moreover, although a distortion in a
positive direction occurs due to a divergence effect in the
predetermined lens unit, it is possible to correct the distortion
favorably by the positive lens. The predetermined lens and the
positive lens may be disposed separately, or may be
cemented.

In the optical system according to the present embodiment,
it is preferable that an image-side surface of the first image-
side lens is concave toward the image side, and the following
conditional expression (40) is satisfied:

02<R61/Douis (40)

where,

R, ; denotes a radius of curvature of the image-side surface
of the first image-side lens, and

D, denotes a distance on the optical axis from the image-
side surface of the first image-side lens up to the stop.

By making the image-side surface of the first image-side
lens concave toward the image side, it is possible to position
the principal point of the first lens unit on the object side.
Accordingly, it is possible to secure an appropriate working
distance. Moreover since a lens surface which is a concave
surface is directed toward the stop, it is possible to suppress
the occurrence of the coma in a peripheral portion of the
image (position at which, the image height is high).

Furthermore, by satisfying conditional expression (40),
since it is possible to maintain appropriately the divergence
effect in a peripheral portion of the optical system, it is pos-
sible to suppress the occurrence of the chromatic coma.

Here, it is preferable that the following conditional expres-
sion (40" is satisfied instead of conditional expression (40).

04<R61/Douis (407

Moreover, it is more preferable that the following condi-
tional expression (40") is satisfied instead of conditional
expression (40).

04<R61/Douis (40"

Furthermore, it is even more preferable that the following
conditional expression (40") is satisfied instead of condi-
tional expression (40).

1.6<R1/Do1is (40"

In the optical system according to the present embodiment,
it is preferable that the first lens unit includes not less than
three positive lenses, and at least two positive lenses from
among the positive lenses are disposed to be adjacent, and an
object-side surface in the two positive lenses disposed to be
adjacent is a convex surface which is convex toward the object
side.

By making such an arrangement, it is possible to distribute
the positive refractive power in the first lens unit to three or
more than three lenses, and to dispose each lens at a different
position. As a result, it is possible to converge a light beam
incident with a high numerical aperture while suppressing an
occurrence of aberration, and to correct the curvature of field
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and the chromatic aberration of magnification favorably. Fur-
thermore, by disposing two of the three or more than three
lenses to be adjacent, and letting the object-side surface to be
a convex surface convex toward the object side, it is possible
to correct the spherical aberration favorably.

Inthe optical system according to the present embodiment,
it is preferable that from among the three or more than three
positive lenses, at least one positive lens is an aspherical lens,
and at least one surface of the aspherical lens is an aspherical
surface.

By making such an arrangement, it is possible to correct the
off-axis aberration of higher order.

Inthe optical system according to the present embodiment,
it is preferable that the first lens unit includes at least one
cemented lens.

By cementing a lens having a function of correcting the
chromatic aberration with another lens to form a cemented
lens, and by disposing the cemented lens in the first lens unit,
it is possible to suppress the occurrence of the chromatic
aberration of magnification simultaneously while correcting
the longitudinal chromatic aberration in the first lens unit. As
a result, it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification in
the optical system favorably.

Inthe optical system according to the present embodiment,
it is preferable that a positive lens is disposed on the object
side of the cemented lens in the first lens unit, and the positive
lens is a single lens.

By making such an arrangement, it is possible to distribute
the positive refractive power in the first lens unit to the
cemented lens and the positive lens. As a result, it is possible
to correct the spherical aberration more favorably.

Inthe optical system according to the present embodiment,
it is preferable that the second lens unit includes at least one
cemented lens.

By cementing a lens having a function of correcting the
chromatic aberration with another lens to form a cemented
lens, and by disposing the cemented lens in the second lens
unit, it is possible to suppress the occurrence of the chromatic
aberration of magnification simultaneously while correcting
the longitudinal chromatic aberration in the second lens unit.
As aresult, it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification in
the optical system favorably.

Inthe optical system according to the present embodiment,
it is preferable that a positive lens is disposed on the image
side of the cemented lens in the second lens unit, and the
positive lens is a single lens.

By making such an arrangement, it is possible to distribute
the positive refractive power in the second lens unit to the
cemented lens and the positive lens. As a result, it is possible
to correct the spherical aberration more favorably.

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the first object-side lens has a positive
refractive power, and the first object-side lens is either a single
lens or a cemented lens.

By imparting the positive refractive power to the first
object-side lens, itis possible to position the principal point of
the first lens unit on the object side as much as possible. As a
result, it is possible to achieve both, securing an appropriate
working distance and small-sizing of the optical system. In a
case in which, further longer working distance is necessary, it
is preferable to make such arrangement.

It is preferable that the optical system according to the
present embodiment includes at least one lens having an
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inflection point, and in the lens having the inflection point, the
number of inflection points in a shape of a lens surface is one
or more than one.

By making such an arrangement, it is possible to correct the
off-axis aberration of higher order favorably.

In the optical system according to the present embodiment,
it is preferable that a shape of at least one lens surface of the
second image-side lens is a shape having an inflection point.

By making such an arrangement, it is possible to correct the
off-axis aberration of higher order favorably, and apart from
this, it is possible to achieve both, the small-sizing of the
optical system and reduction of an angle of incidence on the
image pickup element. For small-sizing of the optical system,
it is desirable to make an arrangement such that in the second
lens unit, a refractive power in a region closer to the image
side becomes a negative refractive power, and accordingly, to
position the principal point of the second lens unit on the
object side. Moreover, for reducing the angle of incidence on
the image pickup element, at least one surface of the second
image-side lens is let to have a shape having at least one
inflection point. By making such an arrangement, it is pos-
sible to make small an angle of incidence of an off-axis light
beam on the image surface.

In the optical system according to the present embodiment,
it is preferable that the first lens unit includes at least one
negative lens, and the negative lens is a single lens.

By making such an arrangement, it is possible to correct the
chromatic aberration sufficiently in the first lens unit. As a
result, it is possible to correct the chromatic aberration of
magnification favorably while correcting the longitudinal
chromatic aberration in the overall optical system.

In the optical system according to the present embodiment,
it is preferable that the first image-side lens is a cemented lens.

In the first lens unit, by disposing a negative lens near the
stop, it is possible to correct favorably the longitudinal chro-
matic aberration and the curvature of field simultaneously.
Here, by disposing a positive lens at a position adjacent to the
negative lens, and cementing the negative lens and the posi-
tive lens, it is possible to suppress the occurrence of the
chromatic aberration of magnification.

Moreover, in the optical system according to the present
embodiment, it is preferable that the second object-side lens
is a cemented lens.

In the second lens unit, by disposing a negative lens near
the stop, it is possible to correct favorably the longitudinal
chromatic aberration and the curvature of field simulta-
neously. Here, by disposing a positive lens at a position adja-
cent to the negative lens, and cementing the negative lens and
the positive lens, it is possible to suppress the occurrence of
the chromatic aberration of magnification.

In the optical system according to the eighth embodiment,
it is preferable that at the time of focusing, some of the lenses
from among the plurality of lenses in the second lens unit
move in an optical axial direction.

Since the second lens unit is positioned on the image side of
the first lens unit, a light beam diameter in the second lens unit
is smaller than a light beam diameter in the first lens unit.
Therefore, even when a lens is moved in the second lens unit,
a fluctuation in aberration is small. Therefore, when the
movement of lenses at the time of focusing is carried out by
using some of the lenses from among the plurality of lenses in
the second lens unit, it is possible to make small the fluctua-
tion in aberration due to the movement of the lenses.

In the optical system according to the eighth embodiment,
it is preferable that at the time of focusing, an optical system
from the first-object side lens up to the second image-side lens
moves integrally in the optical axial direction.
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Inthe optical system according to the present embodiment,
it is preferable that at the time of focusing, an airspace from
the first object-side lens up to the second image-side lens does
not change.

By making such an arrangement, at the time of focusing, a
positional relationship of lenses (single lens or cemented
lens) positioned on both sides of the stop does not change. As
a result, since a balance of the chromatic aberration of mag-
nification in the first lens unit and the chromatic aberration of
magnification in the second lens unit is not disrupted, it is
possible to maintain a favorable imaging performance even
when the focusing is carried out. In the first lens unit and the
second lens unit, it is desirable that a lens and a pair of lenses
having a significant effect of correcting the chromatic aber-
ration is disposed near the stop for correcting the chromatic
aberration of magnification favorably.

In the optical system according to the eighth embodiment,
it is preferable that the following conditional expression (37-
2) is satisfied:

0.5<f51,//<100

where,

fs,, denotes a focal length of the first object-side lens, and

f denotes a focal length of an overall optical system.

Moreover, in the optical system according to the eighth
embodiment and the optical system according to the tenth
embodiment, it is preferable that the following conditional
expression (41) is satisfied:

(37-2)

0.5<f61//61<20

where,

f51, denotes a focal length of the first object-side lens, and

s, denotes a focal length of the first lens unit.

By making so as not to fall below a lower limit value of
conditional expression (41), it is possible to prevent the posi-
tive refractive power of the first object-side lens from becom-
ing excessively small. Accordingly, it is possible to position
the principal point of the first lens unit on the object side as
much as possible. As a result, it is possible to achieve both,
securing an appropriate working distance and small-sizing of
the optical system. In a case in which, further longer working
distance is necessary, it is preferable to make such arrange-
ment.

Here, it is preferable that the following conditional expres-
sion (41") is satisfied instead of conditional expression (41).

(41)

0.71<f 51 /f1<10.00

Moreover, it is more preferable that the following condi-
tional expression (41") is satisfied instead of conditional
expression (41).

(41)

1.00<;5, /f251<7.00

Furthermore, it is even more preferable that the following
conditional expression (41") is satisfied instead of condi-
tional expression (41).

@a1)

1.67<f 51 o/f151<5.00

Inthe optical system according to the present embodiment,
it is preferable that the following conditional expression (42)
is satisfied:

@)

0.01<UINd 1 =1V 61 meex (42)

where,

vd i, denotes a smallest Abbe’s number from among
Abbe’s numbers for lenses forming the first lens unit, and

vd g mae denotes a largest Abbe’s number from among
Abbe’s numbers for lenses forming the first lens unit.
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In the optical system according to the present embodiment,
it is preferable that the following (i) and (ii) have been real-
ized. (i) Enlargement of the numerical aperture on the object
side and shortening of the overall length ofthe optical system,
(i1) Favorable correction of the longitudinal chromatic aber-
ration and the chromatic aberration of magnification. Condi-
tional expression (42) is an expression for achieving both of
(1) and (ii).

By making so as not to fall below a lower limit value of
conditional expression (42), it is possible to suppress the
occurrence of the longitudinal chromatic aberration in the
first lens unit. Moreover, as it is possible to suppress the
occurrence of the longitudinal chromatic aberration in the
first lens unit, an excessive correction of the longitudinal
chromatic aberration in the second lens unit becomes unnec-
essary. Accordingly, since the correction of the chromatic
aberration of magnification in the second lens unit can be
carried out favorably, it is possible to correct the chromatic
aberration of magnification in the overall optical system
favorably.

Here, it is preferable that the following conditional expres-
sion (42" is satisfied instead of conditional expression (42).

0.011<1A4d 61 pmin= 1V G 1mece (42)

Moreover, it is more preferable that the following condi-
tional expression (42") is satisfied instead of conditional
expression (42).

0.014<14d 61 i1V G 1mece 42"

Furthermore, it is even more preferable that the following
conditional expression (42") is satisfied instead of condi-
tional expression (42).

0.020<1Ad g1 =1V 1 @2

In the optical system according to the present embodiment,
it is preferable that the following conditional expression (43)
is satisfied:

0.01<1Vd gopmin=1 Ve Gmee @3)

where,

Vd o, denotes a smallest Abbe’s number from among
Abbe’s numbers for lenses forming the second lens unit, and

vd ;... denotes a largest Abbe’s number from among
Abbe’s numbers for lenses forming the second lens unit.

In the optical system according to the present embodiment,
it is preferable that the aforementioned (i) and (ii) have been
realized. Conditional expression (43) is an expression for
achieving both of (i) and (ii).

By making so as not to fall below a lower limit value of
conditional expression (43), it is possible to suppress the
occurrence of the longitudinal chromatic aberration in the
second lens unit. Moreover, as it is possible to suppress the
occurrence of the longitudinal chromatic aberration in the
second lens unit, an excessive correction of the longitudinal
chromatic aberration in the first lens unit becomes unneces-
sary. Accordingly, since the correction of the chromatic aber-
ration of magnification in the second lens unit can be carried
out favorably, it is possible to correct the chromatic aberration
of magnification in the overall optical system favorably.

Here, it is preferable that the following conditional expres-
sion (43") is satisfied instead of conditional expression (43).

0.011<14d g pmim= 1V Gomeen (439

Moreover, it is more preferable that the following condi-
tional expression (43") is satisfied instead of conditional
expression ((43).

0.014<1A4d 61— 1V G2 43"
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Furthermore, it is even more preferable that the following
conditional expression (43") is satisfied instead of condi-
tional expression (43).

0.020<1Ad gomin=1N A mene (43")

It is preferable that the optical system according to the
present embodiment includes at least one positive lens which
satisfies the following conditional expression (44):

0.59<6,7<0.8 (44)

where,

8, denotes a partial dispersion ratio of the positive lens,
and 1s expressed by 6, ~(ng-nF)/(nF-nC), where

nC, nF, and ng denote refractive indices with respect to a
C-line, an F-line, and a g-line respectively.

Inthe optical system according to the present embodiment,
it is preferable that the aforementioned (i) and (ii) have been
realized. Conditional expression (44) is an expression for
achieving both of (i) and (ii).

When the longitudinal chromatic aberration and the chro-
matic aberration of magnification for the d-line and the C-line
have been corrected favorably, by disposing the positive lens
satisfying conditional expression (44) in the optical system, it
is possible to correct the longitudinal chromatic aberration
and the chromatic aberration of magnification for the g-line
favorably.

A material satisfying conditional expression (44), in many
cases, is a material having a high dispersion in general. There-
fore, using a material which satisfies conditional expression
(44) for a lens having a positive refractive power means
imparting a function of correcting a chromatic aberration
which is opposite to a usual case, to the lens. However, in a
case of carrying out more favorable correction of chromatic
aberration, it is desirable to use a material which satisfies
conditional expression (44), for the lens having a positive
refractive power.

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the lens satistying conditional expression
(44) is included in the first lens unit.

When an attempt is made to secure an appropriate working
distance in the optical system, in many cases, an aberration in
the first lens unit is outspread to the second lens unit. There-
fore, it is desirable to correct favorably the chromatic aberra-
tion for the g-line solely in the first lens unit. By doing so, it
is possible to correct the chromatic aberration for the g-line
favorably, solely in the first lens unit.

Inthe optical system according to the present embodiment,
it is preferable that the positive lens which satisfies condi-
tional expression (44), satisfies the following conditional
expression (45):

0.3<D,,; /Lol 45)

where,

D, denotes a distance on the optical axis from an object-
side surface of the positive lens up to the stop, and

L, , denotes a distance on the optical axis from an object-
side surface of the first object-side lens up to the stop.

By satisfying conditional expression (45), it is possible to
position the principal point of the first lens unit on the object
side while correcting the chromatic aberration favorably. As a
result, small-sizing of the optical system is possible while
securing the working distance to a fixed amount.

Here, it is preferable that the following conditional expres-
sion (45") is satisfied instead of conditional expression (45).

0.32<D,,; /L1,51.00 (45"
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Moreover, it is more preferable that the following condi-
tional expression (45") is satisfied instead of conditional
expression (45).

0.50<D,, /Lg1,51.00 @5")

Furthermore, it is even more preferable that the following
conditional expression (45") is satisfied instead of condi-
tional expression (45).

0.70<D,1 /L51551.00 @s™)

In the optical system according to the present embodiment,
it is preferable that the first lens unit includes not less than two
negative lenses that satisfy the following conditional expres-
sion (46):

0.01<IAd 1,~ 1NV G 1o (46)

where,

vdg,,, denotes a smallest Abbe’s number for the negative
lens forming the first lens unit, and

vd g max denotes a largest Abbe’s number from among
Abbe’s numbers for lenses forming the first lens unit.

By satisfying conditional expression (46), it is possible to
correct the longitudinal chromatic aberration and the chro-
matic aberration of magnification more favorably. Two or
more than two negative lenses which satisfy conditional
expression (46), or in other words, two or more than two
negative lenses which have a function of correcting the chro-
matic aberration are used, and are disposed to have an appro-
priate positional relation. Accordingly, when the occurrence
of the longitudinal chromatic aberration in the first lens unit
has been suppressed, it is possible to correct the chromatic
aberration of magnification in the first lens unit favorably. As
a result, it is possible to correct the longitudinal chromatic
aberration and the chromatic aberration of magnification in
the overall optical system favorably. Particularly, in a case of
a magnifying optical system, for correcting the chromatic
aberration of magnification in the first lens unit favorably, it is
desirable to satisty conditional expression (46).

Moreover, in the optical system according to the present
embodiment, it is preferable that the two or more than two
negative lenses which satisfy conditional expression (46)
include an object-side negative lens which is disposed nearest
to the object, and an image-side negative lens which is dis-
posed nearest to the image, and the object-side negative lens
satisfies the following conditional expression (47):

0.2<D,,,/L1<0.9 47

where,

D,,,,; denotes a distance on the optical axis from an object-
side surface of the object-side negative lens up to an object-
side surface of the image-side negative lens, and

L, s denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the stop.

By satisfying conditional expression (47), it is possible to
correct the longitudinal chromatic aberration and the chro-
matic aberration of magnification more favorably. Two or
more than two negative lenses which satisfy conditional
expression (46), or in other words, two or more than to nega-
tive lenses having a function of correcting the chromatic
aberration are used, and these negative lenses are disposed at
positions which satisfy conditional expression (47). Accord-
ingly, when the occurrence of the longitudinal chromatic
aberration in the first lens unit has been suppressed, it is
possible to correct the chromatic aberration of magnification
in the first lens unit more favorably. As a result, it is possible
to correct the longitudinal chromatic aberration and the chro-
matic aberration of magnification of the overall lens system
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more favorably. Particularly, in a case of a magnifying optical
system, for correcting the chromatic aberration of magnifica-
tion in the first lens unit favorably, it is desirable to satisfy
conditional expression (47).

Here, it is preferable that the following conditional expres-
sion (47" is satisfied instead of conditional expression (47).

0.21<D,,,,/L¢1,<0.86 47

Moreover, it is more preferable that the following condi-
tional expression (47") is satisfied instead of conditional
expression (47).

0.22<D,,,,,/L1<0.81 47"

Furthermore, it is even more preferable that the following
conditional expression (47") is satisfied instead of condi-
tional expression (47).

0.23<D,,,/L61,<0.77 (47"

Inthe optical system according to the present embodiment,
it is preferable that the first lens unit has a positive refractive
power, and includes at least one diffractive optical element.

A height of an axial marginal ray is high in the first lens
unit. Therefore, by letting the refractive power of the first lens
unit to be a positive refractive power, and disposing the dif-
fractive optical element in the first lens unit, it is possible to
suppress the occurrence of the longitudinal chromatic aber-
ration in the first lens unit.

Inthe optical system according to the present embodiment,
it is preferable to dispose at least one diffractive optical ele-
ment at a position which is on the object side of the stop, and
at the position which satisfies the following conditional
expression (48):

0.1<Dpr/De1is (48)

where,

Dy, denotes a distance on the optical axis from the dif-
fractive optical element up to the stop, and

D, denotes a distance on the optical axis from the image-
side surface of the first image-side lens up to the stop.

At the position in the first lens unit at which, conditional
expression (48) is satisfied, since the height of the principal
ray becomes comparatively higher, by disposing the diffrac-
tive optical element at that position, it is possible to correct the
chromatic aberration of magnification for the F-line and the
g-line in particular, more favorably. To be more precise, D, .
is a distance from a diffractive surface of the diffractive opti-
cal element up to the stop.

Inthe optical system according to the present embodiment,
it is preferable to dispose at least one diffractive optical ele-
ment at a position which is on the image side of the stop, and
at the position which satisfies the following conditional
expression (49):

0.2<D,p1/L6><0.9 (49)

where,

D, ,,; denotes a distance on the optical axis from the stop up
to the diffractive optical element, and

L, s, denotes a distance on the optical axis from the stop up
to the image-side surface of the second image-side lens.

Atthe position in the second lens unit at which, conditional
expression (49) is satisfied, since the height of the principal
ray becomes comparatively higher, by disposing the diffrac-
tive optical element at that position, it is possible to correct the
chromatic aberration of magnification for the F-line and the
g-line in particular, more favorably. To be more precise, D,
is a distance from the stop up to a diffractive surface of the
diffractive optical element.
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Here, it is preferable that the following conditional expres-
sion (49" is satisfied instead of conditional expression (49).

0.21<D, 1,1/L,5,<0.86 (49)

Moreover, it is more preferable that the following condi-
tional expression (49") is satisfied instead of conditional
expression (49).

0.22<D, 1, /L,,<0.86 49"

Furthermore, it is even more preferable that the following
conditional expression (49") is satisfied instead of condi-
tional expression (49).

0.23<D,1,1/L,55<0.86 @9

Moreover, it is preferable that the optical system according
to the present embodiment includes a negative lens which
satisfies the following conditional expressions (50) and (51):

0.01<IAd, 1= 1IN G 1 e (50)

0<D,1/D,<0.3 61

where,

vd,,, denotes Abbe’s number for the negative lens,

vd 51,4, denotes a largest Abbe’s number from among the
Abbe’s numbers for lenses forming the first lens unit,

D, denotes a distance on the optical axis from an object-
side surface of the negative lens up to the stop, and

D, denotes a distance on the optical axis from the object up
to the stop.

For achieving both, shortening of the overall length of the
optical system and favorable correction of the chromatic
aberration and the curvature of field, it is preferable to satisfy
conditional expressions (50) and (51).

By making so as not to fall below lower limit values of
conditional expression (50) and (51), it is possible to secure a
thickness of the negative lens appropriately.

By making so as not to exceed an upper limit values of
conditional expressions (50) and (51), it is possible to dispose
the negative lens having a function of correcting the chro-
matic aberration because of high dispersion, near the stop.
The height of an axial marginal ray being low near the stop, it
is possible to correct favorably the chromatic aberration and
the curvature of field simultaneously by the negative lens.

Here, it is preferable that the following conditional expres-
sion (51") is satisfied instead of conditional expression (51).

0.01<D,,/D,.<0.29 (51)

Moreover, it is more preferable that the following condi-
tional expression (51") is satisfied instead of conditional
expression (51).

0.02<D,, /D,,<0.27 (51"

Furthermore, it is even more preferable that the following
conditional expression (51") is satisfied instead of condi-
tional expression (51).

0.03<D,, /D, <026 (51"

It is preferable that the optical system according to the
present embodiment includes a negative lens which satisfies
the following conditional expressions (52) and (53):

0.01<IAd, 5= 1N Gomeee (62
0<D,,»/Dy<0.4 (53)
where,

vd,,, denotes Abbe’s number for the negative lens,
Vd Gy denotes a largest Abbe’s number from among the
Abbe’s numbers for lenses forming the second lens unit,
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D,,,, denotes a distance on the optical axis from the stop up
to an image-side surface of the negative lens, and

D, denotes a distance on the optical axis from the stop up
to the image.

For achieving both, shortening of the overall length of the
optical system and favorable correction of the chromatic
aberration and the curvature of field, it is preferable to satisfy
conditional expressions (52) and (53).

By making so as not to fall below lower limit values of
conditional expressions (52) and (53), it is possible to secure
a thickness of the negative lens appropriately.

By making so as not to exceed an upper limit values of
conditional expressions (52) and (53), it is possible to dispose
the negative lens having a function of correcting the chro-
matic aberration because of high dispersion, near the stop.
The height of an axial marginal ray being low near the stop, it
is possible to correct favorably the chromatic aberration and
the curvature of field simultaneously by the negative lens.

Here, it is preferable that the following conditional expres-
sion (53") is satisfied instead of conditional expression (53).

0.01<D,,,/D,<0.38 (53)

Moreover, it is more preferable that the following condi-
tional expression (53") is satisfied instead of conditional
expression (53).

0.02<D,

sn2

/D,<0.36 (53"

Furthermore, it is even more preferable that the following
conditional expression (53") is satisfied instead of condi-
tional expression (53).

0.03<D,,,/D,<0.34 (53"

It is preferable that the optical system according to the
present embodiment includes a negative lens at a position
which satisfies the following conditional expression (54):

0.6<D,,/D,<1 (54)

where,

D,, s denotes a distance on the optical axis from the stop up
to an image-side surface of the negative lens, and

D, denotes a distance on the optical axis from the stop up
to the image.

For achieving both, shortening of the overall length of the
optical system and favorable correction of the off-axis aber-
ration such as the chromatic aberration of magnification, it is
preferable to satisfy conditional expression (54).

By making so as not to fall below a lower limit value of
conditional expression (54), in the second lens unit, it is
possible to dispose the negative lens in a region closer to the
image side. Accordingly, since it is possible to position the
principal point on the object side, even if the overall length of
the optical system is shortened, it becomes possible to change
the height of the principal ray emerged from the stop and
reaching the periphery of the image in the second lens unit
comparatively gradually. As a result it is possible to correct
favorably the chromatic aberration of magnification in par-
ticular.

By making so as not to exceed an upper limit value of
conditional expression (54), it is possible to increase a dis-
tance between the negative lens and the image pickup ele-
ment. Therefore, even when a ghost is generated due to mul-
tiple reflection between the negative lens and the image
pickup element, it is possible to prevent the ghost from being
incident on a surface of the image pickup element with a high
density.
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Here, it is preferable that the following conditional expres-
sion (54") is satisfied instead of conditional expression (54).

0.63<D,

sn3

/D,<0.98 (54)

Moreover, it is more preferable that the following condi-
tional expression (54") is satisfied instead of conditional
expression (54).

0.66<D,

sn3

/D,<0.96 (54"

Furthermore, it is even more preferable that the following
conditional expression (54") is satisfied instead of condi-
tional expression (54).

0.70<D,

sn3

/D,<0.94 (54")

It is preferable that the optical system according to the
present embodiment includes a positive lens at a position
which satisfies the following conditional expression (55):

0.3<D,,/D,,;<0.99 55)

where,

D,,,, denotes a distance on the optical axis from an object-
side surface of the positive lens up to the stop, and

D, denotes a distance on the optical axis from object up to
the stop.

For achieving both, shortening of the overall length of the
optical system and favorable correction of the chromatic
aberration of magnification and the off-axis aberration, it is
preferable to satisfy conditional expression (55).

By making so as not to fall below a lower limit value of
conditional expression (55), it is possible to dispose the posi-
tive lens on the object side. Accordingly, since it is possible to
position the principal point of the first lens unit on the object
side, it is possible to secure an appropriate working distance.

By making so as not to exceed an upper limit value of
conditional expression (55), it is possible to prevent the posi-
tive lens from coming too close to the object. As a result it is
possible to secure an appropriate working distance.

Here, it is preferable that the following conditional expres-
sion (55" is satisfied instead of conditional expression (55).

0.35<D,3,/D,,<0.89 (55

Moreover, it is more preferable that the following condi-
tional expression (55") is satisfied instead of conditional
expression (55).

0.42<D,,/D,,,<0.80 (55"

Furthermore, it is even more preferable that the following
conditional expression (55") is satisfied instead of condi-
tional expression (55).

0.49<D,5,/D,,<0.70 (55™)

In the optical system according to the eighth embodiment,
it is preferable that, instead of conditional expression (55), the
following conditional expression (55-1) is satisfied.

0.3<D,,2/D,,,<0.7 (55-1)

In the optical system according to the ninth embodiment, it
is preferable that, instead of conditional expression (55), the
following conditional expression (55-2) is satisfied.

0.5<D,,/D,,;<0.99 (55-2)

In the optical system according to the eighth embodiment
and the optical system according to the tenth embodiment, it
is preferable that the first lens unit includes a negative lens,
and a positive lens which is disposed on the object side of the
negative lens, and that the following conditional expression
(56) is satisfied:

0.78<Ly/D,+0.07x WD/BF (56)
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where,

L; denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the image-side
surface of the second image-side lens,

D,, denotes a distance on the optical axis from the object up
to the image,

WD denotes a distance on the optical axis from the object
up to the object-side surface of the first object-side lens, and

BF denotes a distance on the optical axis from the image-
side surface of the second image-side lens up to the image.

By making so as not to fall below a lower limit value of
conditional expression (56), even in an optical system of
which, the overall length is shortened, since it becomes pos-
sible to change the height of a principal ray emerged from a
periphery of the object and reaching a periphery of the image
comparatively gradually, it is possible to prevent the radius of
curvature of a lens in the optical system from becoming
excessively small. As a result, it is possible to suppress the
occurrence of the longitudinal chromatic aberration and the
chromatic aberration of magnification.

By satisfying conditional expressions (16), (19), (20), and
(56), it is possible to suppress the occurrence of the longitu-
dinal chromatic aberration and the chromatic aberration of
magnification more effectively while carrying out enlarge-
ment of the numerical aperture on the object side and short-
ening of the overall length of the optical system.

By satisfying conditional expressions (25) and (56), it is
possible to correct the longitudinal chromatic aberration and
the chromatic aberration of magnification more favorably
while securing the working distance appropriately, and car-
rying out enlargement of the numerical aperture on the object
side and shortening of the overall length of the optical system.

Here, it is preferable that the following conditional expres-
sion (56") is satisfied instead of conditional expression (56).

0.87<Ly/D,+0.07xWD/BF (56')

Moreover, it is more preferable that the following condi-
tional expression (56") is satisfied instead of conditional
expression (56).

0.96<L,/D,+0.07xWD/BF (56"

Furthermore, it is even more preferable that the following
conditional expression (56") is satisfied instead of condi-
tional expression (56).

1.07<L;/D,+0.07TxWD/BF (56")

Moreover, in the optical system according to the eighth
embodiment and the optical system according to the tenth
embodiment, it is preferable that the following conditional
expression (57) is satisfied:

D, /L;~0.39xWD/BF<1.8 7

where,

D, denotes a distance on the optical axis from the objectup
to the stop,

L, denotes a distance on the optical axis from the object-
side surface of the first object-side lens up to the image-side
surface of the first image-side lens,

WD denotes a distance on the optical axis from the object
up to the object-side surface of the first object-side lens, and

BF denotes a distance on the optical axis from the image-
side surface of the second image-side lens up to the image.

By making so as not to exceed an upper limit value of
conditional expression (57), even in an optical system of
which, the overall length is shortened, it becomes possible to
change the height of a principal ray emerged from a periphery
of'the object and reaching a periphery of the image compara-
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tively gradually, and it is possible to prevent the radius of
curvature of a lens in the optical system from becoming
excessively small. Therefore, it is possible to suppress the
occurrence of the longitudinal chromatic aberration and the
chromatic aberration of magnification.

By satisfying conditional expressions (16), (19), (20), and
(57), it is possible to suppress the occurrence of the longitu-
dinal chromatic aberration and the chromatic aberration of
magnification more effectively while carrying out enlarge-
ment of the numerical aperture on the object side and short-
ening of the overall length of the optical system.

By satisfying conditional expressions (25) and (57), it is
possible to correct the longitudinal chromatic aberration and
the chromatic aberration of magnification more favorably
while securing the working distance appropriately, and car-
rying out enlargement of the numerical aperture on the object
side and shortening of the overall length ofthe optical system.

Here, it is preferable that the following conditional expres-
sion (57" is satisfied instead of conditional expression (57).

D, /L1-0.39x WD/BF<1.53 (57)

Moreover, it is more preferable that the following condi-
tional expression (57") is satisfied instead of conditional
expression (57).

D, /L1-0.39x WD/BF <1.40 (57"

Furthermore, it is even more preferable that the following
conditional expression (57") is satisfied instead of condi-
tional expression (57).

D, /L;,—0.39x WD/BF<1.30 )

Moreover, an image pickup apparatus of the present
embodiment is characterized by including the abovemen-
tioned optical system and the image pickup element.

Moreover, an image pickup system of the present embodi-
ment is characterized by including the image pickup appara-
tus, a stage which holds an object, and an illuminating unit
which illuminates the object.

By illuminating the object by the illuminating unit, since it
is possible to reduce a noise at the time of image pickup, it is
possible to acquire an image with a high resolution.

Moreover, in the image pickup system of the present
embodiment, it is preferable that the image pickup apparatus
and the stage are integrated.

Since the numerical aperture on the object side of the
optical system according to the present embodiment is large,
the optical system has a high resolution, but a depth of field
becomes shallow. Therefore, in the image pickup system
using the optical system according to the present embodi-
ment, it is preferable to integrate the image pickup apparatus
and the stage which holds the object. By integrating the image
pickup apparatus and the stage, since itis possible to maintain
relative positions and a relative distance of the image pickup
apparatus and the object to be fixed, it is possible to acquire an
image with a high resolution.

Regarding each conditional expression, by restricting one
of or both an upper limit value and a lower limit value, since
it is possible to make that function more assured, it is prefer-
able to apply restriction. Moreover, regarding each condi-
tional expression, only an upper limit value or a lower limit
value of a numerical range of a further restricted conditional
expression may be restricted. Moreover, with regard to
restricting the numerical range of a conditional expression,
the upper limit value or the lower limit value of each condi-
tional expression described above may be an upper limit value
or a lower limit value of a conditional expression other than
those described above.
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An optical system according to an example 1 will be
described below. FIG. 1 is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 1. Moreover, FIG. 2A, FIG.
2B, FIG. 2C, and FIG. 2D are aberration diagrams of the
optical system according to the example 1.

In the aberration diagrams shown in FIG. 2A, FIG. 2B,
FIG. 2C, and FIG. 2D, ‘FIY” denotes the maximum image
height. Symbols in the aberration diagrams are same even in
examples that will be described later. Moreover, in aberration
diagrams of examples from the example 1 to an example 7,
four aberration diagrams in order from left show a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC).

The optical system according to the example 1, as shown in
FIG. 1, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. In the
examples from the example 1 to the example 7, in lens cross-
sectional views, I denotes an image pickup surface of an
image pickup element. The optical system according to the
example 1 is suitable for an image pickup element for which,
a pixel pitch is in a range 0£ 0.6 um to 1.2 um.

The lens unit Gf includes a biconvex positive lens L1, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a positive meniscus lens 1.3 having a
convex surface directed toward an image side, a biconcave
negative lens L4, and a positive meniscus lens L5 having a
convex surface directed toward the object side.

The lens unit Gr includes a positive meniscus lens L6
having a convex surface directed toward the image side, a
biconcave negative lens [.7, a positive meniscus lens .8 hav-
ing a convex surface directed toward the object side, a nega-
tive meniscus lens 1.9 having a convex surface directed
toward the image side, and the biconvex positive lens L10.

The aperture stop S is disposed between the lens L5 and the
lens L6.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L10.

The optical system according to the example 1 includes
five pairs of lenses which satisfy conditional expressions (1),
(2), and (3). The pairs of lenses are the lens [.1 and the lens
L10, the lens L2 and the lens L9, the lens L3 and the lens L8,
the lens 1.4 and the lens L7, and the lens L5 and the lens L6.
Moreover, in the pairs of lenses, a shape of one lens in the pair
and a shape of the other lens in the pair are same.

Next, an optical system according to an example 2 of the
present invention will be described below. FIG. 3 is a cross-
sectional view along an optical axis showing an optical
arrangement of the optical system according to the example 2.
Moreover, FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are
aberration diagrams of the optical system according to the
example 2.

The optical system according to the example 2, as shown in
FIG. 3, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 2 is suitable for an image
pickup element for which, a pixel pitch is in a range of 0.6 pm
to 1.2 pm.

The lens unit Gf includes a biconvex positive lens L1, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a positive meniscus lens 1.3 having a
convex surface directed toward an image side, a biconcave
negative lens L4, and a positive meniscus lens L5 having a
convex surface directed toward the object side.
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The lens unit Gr includes a positive meniscus lens L6
having a convex surface directed toward the image side, a
biconcave negative lens [.7, a positive meniscus lens .8 hav-
ing a convex surface directed toward the object side, a nega-
tive meniscus lens L9 having a convex surface directed
toward the image side, and the biconvex positive lens [.10.

The aperture stop S is disposed between the lens .5 and the
lens L6.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L10.

The optical system according to the example 2 includes
five pairs of lenses which satisfy conditional expressions (1),
(2), and (3). The pairs of lenses are the lens .1 and the lens
L10, the lens L2 and the lens L9, the lens 1.3 and the lens L8,
the lens 1.4 and the lens L7, and the lens L5 and the lens L6.
Moreover, in the pairs oflenses, a shape of one lens in the pair
and a shape of the other lens in the pair differ slightly.

Next, an optical system according to an example 3 will be
described below. FIG. 5 is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 3. Moreover, FIG. 6 A, FIG.
6B, FIG. 6C, and FIG. 6D are aberration diagrams of the
optical system according to the example 3.

The optical system according to the example 3, as shown in
FIG. 5, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 3 is suitable for an image
pickup element for which, a pixel pitch is in a range of 0.6 pm
to 1.2 pm.

The lens unit Gf includes a biconvex positive lens L1, a
positive meniscus lens 1.2 having a convex surface directed
toward an image side, a negative meniscus lens [.3 having a
convex surface directed toward the object side, a negative
meniscus lens [.4 having a convex surface directed toward the
image side, a biconcave negative lens L5, and a positive
meniscus lens .6 having a convex surface directed toward the
object side.

The lens unit Gr includes a positive meniscus lens L7
having a convex surface directed toward the image side, a
biconcave negative lens L8, a negative meniscus lens 1.9
having a convex surface directed toward the object side, a
negative meniscus lens [.10 having a convex surface directed
toward the image side, a positive meniscus lens [.11 having a
convex surface directed toward the object side, and a bicon-
vex positive lens [.12.

The aperture stop S is disposed between the lens [.6 and the
lens L7.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L12.

The optical system according to the example 3 includes six
pairs of lenses which satisfy conditional expressions (1), (2),
and (3). The pairs of lenses are the lens [.1 and the lens [.12,
the lens L2 and the lens .11, the lens L3 and the lens L. 10, the
lens .4 and the lens L9, the lens L5 and the lens L8, and the
lens L6 and the lens [.7. Moreover, in the pairs of lenses, a
shape of one lens in the pair and a shape of the other lens in the
pair are same.

Next, an optical system according to an example 4 of the
present invention will be described below. FIG. 7 is a cross-
sectional view along an optical axis showing an optical
arrangement of the optical system according to the example 4.
Moreover, FIG. 8A, FIG. 8B, FIG. 8C, and FIG. 8D are
aberration diagrams of the optical system according to the
example 4.

The optical system according to the example 4, as shown in
FIG. 7, includes in order from an object side, a lens unit Gf
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having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 4 is suitable for an image
pickup element for which, a pixel pitch is in a range of 0.6 pm
to 1.2 pm.

The lens unit Gf includes a biconvex positive lens L1, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a positive meniscus lens 1.3 having a
convex surface directed toward an image side, a negative
meniscus lens [.4 having a convex surface directed toward the
object side, and a biconvex positive lens L5.

The lens unit Gr includes a biconvex positive lens L6, a
negative meniscus lens .7 having a convex surface directed
toward the image side, a positive meniscus lens [.8 having a
convex surface directed toward the object side, a negative
meniscus lens [.9 having a convex surface directed toward the
image side, a negative meniscus lens [.10 having a convex
surface directed toward the image side, and a biconvex posi-
tive lens L11.

The aperture stop S is disposed between the lens L5 and the
lens L6.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L11.

The optical system according to the example 4 includes
four pairs of lenses which satisfy conditional expressions (1),
(2), and (3). The pairs of lenses are the lens [.1 and the lens
L11, the lens L3 and the lens L8, the lens 1.4 and the lens L7,
and the lens L5 and the lens L6. Moreover, in the pairs of
lenses, a shape of one lens in the pair and a shape of the other
lens in the pair are same.

Next, an optical system according to an example 5 will be
described below. FIG. 9 is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 5. Moreover, FIG. 10A,
FIG. 10B, FIG. 10C, and FIG. 10D are aberration diagrams of
the optical system according to the example 5.

The optical system according to the example 5, as shown in
FIG. 9, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 5 is suitable for an image
pickup element for which, a pixel pitch is in a range of 1.0 pm
to 1.6 pm.

The lens unit Gf includes a biconvex positive lens L1, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a positive meniscus lens 1.3 having a
convex surface directed toward an image side, a negative
meniscus lens [.4 having a convex surface directed toward the
object side, and a biconvex positive lens L5.

The lens unit Gr includes a biconvex positive lens L6, a
negative meniscus lens .7 having a convex surface directed
toward the image side, a positive meniscus lens [.8 having a
convex surface directed toward the object side, a positive
meniscus lens [.9 having a convex surface directed toward the
image side, a biconcave negative lens [.10, and a biconvex
positive lens L11.

The aperture stop S is disposed between the lens L5 and the
lens L6.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L11.

The optical system according to the example 5 includes
two pairs of lenses which satisfy conditional expressions (1),
(2),and (3). The pairs of lenses are the lens [.3 and the lens L8,
and the lens L5 and the lens L6. Moreover, in the pairs of
lenses, a shape of one lens in the pair and a shape of the other
lens in the pair are same.
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Next, an optical system according to an example 6 will be
described below. FIG. 11 is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 6. Moreover, FIG. 12A,
FIG. 12B, FI1G. 12C, and FIG. 12D are aberration diagrams of
the optical system according to the example 6.

The optical system according to the example 6, as shown in
FIG. 11, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 6 is suitable for an image
pickup element for which, a pixel pitch is in a range of 0.9 pm
to 1.5 pm.

The lens unit Gf includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconcave negative lens [.3, and a
biconvex positive lens L4.

The lens unit Gr includes a biconvex positive lens L5, a
biconcave negative lens L6, a positive meniscus lens [.7 hav-
ing a convex surface directed toward the image side, and a
biconcave negative lens LL8.

The aperture stop S is positioned on the image side of the
biconvex positive lens [.4, and on the object side of a vertex of
the image-side surface of the biconvex positive lens [.4.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L8.

The optical system according to the example 6 does not
include a pair of lenses which satisfies conditional expres-
sions (1), (2), and (3).

Next, an optical system according to an example 7 will be
described below. FIG. 13 is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 7. Moreover, FIG. 14A,
FIG. 14B, FI1G. 14C, and F1G. 14D are aberration diagrams of
the optical system according to the example 7.

The optical system according to the example 7, as shown in
FIG. 13, includes in order from an object side, a lens unit Gf
having a positive refractive power, an aperture stop S, and a
lens unit Gr having a positive refractive power. The optical
system according to the example 7 is suitable for an image
pickup element for which, a pixel pitch is in a range of 0.7 pm
to 1.3 pm.

The lens unit Gf includes a biconcave negative lens .1, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconcave negative lens [.3, and a
biconvex positive lens L4.

The lens unit Gr includes a biconvex positive lens L5, a
biconcave negative lens L6, a positive meniscus lens [.7 hav-
ing a convex surface directed toward an image side, and a
negative meniscus lens [.8 having a convex surface directed
toward the object side.

The aperture stop S is positioned on the object side of the
biconvex positive lens [.5, and on the object side of a vertex of
the object-side surface of the biconvex positive lens LS.

An aspheric surface is provided to both surfaces of all the
lenses from the lens L1 to the lens L8.

The optical system according to the example 7 does not
include a pair of lenses which satisfies conditional expres-
sions (1), (2), and (3).

In some of the following examples, a diffractive optical
element is used. The diffractive optical element used here is
an optical element as described in Japanese Patent Publica-
tion No. 3717555 in which, at least two layers of mutually
different optical materials are laminated and a relief pattern is
formed at an interface thereof, and a diffraction efficiency is
made higher in a wide wavelength region. However, the dif-
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fractive optical element to be used in the optical element of
the examples is not restricted to such diffractive optical ele-
ment, and may be a diffractive optical element described in
Japanese Patent Application Laid-open Publication No.
2003-215457 and Japanese Patent Application Laid-open
publication No. Hei 11-133305.

Next, an optical system according to an example 8 will be
described below. FIG. 15A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 8. Moreover, FIG. 15B, FIG.
15C, FIG. 15D, and FIG. 15E are aberration diagrams of the
optical system according to the example 8.

In the aberration diagrams shown in FIG. 15B, FIG. 15C,
FIG. 15D, and FIG. 15E, ‘FIY’ denotes the maximum image
height. Symbols in the aberration diagrams are same even in
examples that will be described later. Moreover, in aberration
diagrams of examples from the example 8 to an example 96,
four aberration diagrams in order from left show a spherical
aberration (SA), an astigmatism (AS), a distortion (DT), and
a chromatic aberration of magnification (CC).

The optical system according to the example 8, as shown in
FIG. 15A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.
In the examples from the example 8 to the example 96, in lens
cross-sectional views, S denotes a stop, C denotes a cover
glass, and I denotes an image pickup surface of an image
pickup element.

The first lens unit G1 includes a biconvex positive lens L1,
a positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens L3, and a
biconcave negative lens [.4. The biconvex positive lens L3
and the biconcave negative lens [.4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward an image side, a
positive meniscus lens 1.6 having a convex surface directed
toward the image side, a positive meniscus lens L7 having a
convex surface directed toward the object side, a biconvex
positive lens L8, and a biconcave negative lens 1.9. The nega-
tive meniscus lens L5 and the positive meniscus lens L6 are
cemented. A predetermined lens unit includes the biconcave
negative lens 1.9.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to seven surfaces namely,
a surface on the image side of the positive meniscus lens .2,
both surfaces of the positive meniscus lens L7, both surfaces
of the biconvex positive lens [.8, and both surfaces of the
biconcave negative lens L.9.

Next, an optical system according to an example 9 will be
described below. FIG. 16A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 9. Moreover, FIG. 16B, FIG.
16C, FIG. 16D, and FIG. 16E are aberration diagrams of the
optical system according to the example 9.

The optical system according to the example 9, as shown in
FIG. 16A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward an image side, a
positive meniscus lens 1.7 having a convex surface directed
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toward the image side, a biconvex positive lens L8, a biconvex
positive lens L9, and a biconcave negative lens [.10. The
negative meniscus lens 1.6 and the positive meniscus lens 1.7
are cemented. A predetermined lens unit includes the bicon-
cave negative lens [.10.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to nine surfaces namely,
both surfaces of the biconcave negative lens [.2, a surface on
the image side of the biconvex positive lens 1.3, both surfaces
of'the biconvex positive lens L8, both surfaces of the biconvex
positive lens [.9, and both surfaces of the biconcave negative
lens L10.

Next, an optical system according to an example 10 will be
described below. FIG. 17A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 10. Moreover, FIG. 17B,
FIG.17C,FIG. 17D, and F1G. 17E are aberration diagrams of
the optical system according to the example 10.

The optical system according to the example 10, as shown
in FIG. 17A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens L3, and a
biconcave negative lens [.4. The biconvex positive lens L3
and the biconcave negative lens [.4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward an image side, a
positive meniscus lens 1.6 having a convex surface directed
toward the image side, a biconvex positive lens [.7, a bicon-
cave negative lens L8, a biconvex positive lens [.9, and a
negative meniscus lens [.10 having a convex surface directed
toward the image side. The negative meniscus lens .5 and the
positive meniscus lens [.6 are cemented. Moreover the bicon-
vex positive lens 1.7 and the biconcave negative lens 1.8 are
cemented. A predetermined lens unit includes the negative
meniscus lens L10.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to five surfaces namely, a
surface on the image side of the positive meniscus lens .2,
both surfaces of the biconvex positive lens L9, and both
surfaces of the negative meniscus lens L.10.

Next, an optical system according to an example 11 will be
described below. FIG. 18A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 11. Moreover, FIG. 18B,
FIG. 18C, FI1G. 18D, and F1G. 18E are aberration diagrams of
the optical system according to the example 11.

The optical system according to the example 11, as shown
in FIG. 18A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens L3, and a
biconcave negative lens [.4. The biconvex positive lens L3
and the biconcave negative lens [.4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward the object side, a
positive meniscus lens 1.6 having a convex surface directed
toward the object side, a biconvex positive lens L7, a biconvex
positive lens L8, a biconcave negative lens 1.9, and a bicon-
cave negative lens L10. The negative meniscus lens L5 and
the positive meniscus lens L6 are cemented. Moreover, the
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biconvex positive lens L8 and the biconcave negative lens 1.9
are cemented. A predetermined lens unit includes the bicon-
cave negative lens [.10.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to five surfaces namely, a
surface on an image side of the positive meniscus lens [.2,
both surfaces of the biconvex positive lens L7, and both
surfaces of the biconcave negative lens 1.10.

Next, an optical system according to an example 12 will be
described below. FIG. 19A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 12. Moreover, FIG. 19B,
FIG. 19C, FI1G. 19D, and FIG. 19E are aberration diagrams of
the optical system according to the example 12.

The optical system according to the example 12, as shown
in FIG. 19A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a positive meniscus lens 1.9 having a
convex surface directed toward the object side, a positive
meniscus lens 110 having a convex surface directed toward
the object side, and a biconcave negative lens [.11. The nega-
tive meniscus lens L7 and the positive meniscus lens L8 are
cemented. A predetermined lens unit includes the biconcave
negative lens L11.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

An aspheric surface is provided to 10 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens 1.3, both surfaces
of'the positive meniscus lens 1.9, both surfaces of the positive
meniscus lens .10, and both surfaces of the biconcave nega-
tive lens L11.

Next, an optical system according to an example 13 will be
described below. FIG. 20A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 13. Moreover, FIG. 20B,
FIG. 20C, FI1G. 20D, and FIG. 20E are aberration diagrams of
the optical system according to the example 13.

The optical system according to the example 13, as shown
in FIG. 20A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconvex positive lens
L7, abiconcave negative lens .8, a positive meniscus lens [.9
having a convex surface directed toward the object side, a
positive meniscus lens .10 having a convex surface directed
toward the object side, and a biconcave negative lens L11. A
predetermined lens unit includes the biconcave negative lens
L11.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconvex positive lens L.7.
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An aspheric surface is provided to 10 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens 1.3, both surfaces
of'the positive meniscus lens 1.9, both surfaces of the positive
meniscus lens .10, and both surfaces of the biconcave nega-
tive lens L11.

Next, an optical system according to an example 14 will be
described below. FIG. 21A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 14. Moreover, FIG. 21B,
FIG. 21C, FIG. 21D, and FIG. 21E are aberration diagrams of
the optical system according to the example 14.

The optical system according to the example 14, as shown
in FIG. 21A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens L8, a positive meniscus lens L9 having
a convex surface directed toward the object side, and a bicon-
cave negative lens [.10. A predetermined lens unit includes
the biconcave negative lens [.10.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 10 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens 1.3, both surfaces
of'the biconvex positive lens L8, both surfaces of the positive
meniscus lens [.9, and both surfaces of the biconcave negative
lens L10.

Next, an optical system according to an example 15 will be
described below. FIG. 22A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 15. Moreover, FIG. 22B,
FIG. 22C, FIG. 22D, and FIG. 22F are aberration diagrams of
the optical system according to the example 15.

The optical system according to the example 15, as shown
in FIG. 22A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward the object side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconvex positive lens 1.9, a biconcave negative lens [.10,
and a biconcave negative lens [.11. The biconcave negative
lens L6 and the biconvex positive lens [.7 are cemented. A
predetermined lens unit includes the biconcave negative lens
L.10 and the biconcave negative lens L.11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 11 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on an
image side of the biconvex positive lens 1.3, both surfaces of
the biconvex positive lens [.8, both surfaces of the biconvex
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positive lens L9, both surfaces of the biconcave negative lens
L.10, and both surfaces of the biconcave negative lens L11.

Next, an optical system according to an example 16 will be
described below. FIG. 23 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 16. Moreover, FIG. 23B,
FIG. 23C, FIG. 23D, and FIG. 23E are aberration diagrams of
the optical system according to the example 16.

The optical system according to the example 16, as shown
in FIG. 23 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward the object side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconvex positive lens 1.9, and a biconcave negative lens
L.10. The biconcave negative lens [.6 and the biconvex posi-
tive lens [.7 are cemented. A predetermined lens unit includes
a biconcave negative lens L10.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to nine surfaces namely,
both surfaces ofthe positive meniscus lens L1, a surface on an
image side of the biconvex positive lens 1.3, both surfaces of
the biconvex positive lens L8, both surfaces of the biconvex
positive lens [.9, and both surfaces of the biconcave negative
lens L10.

Next, an optical system according to an example 17 will be
described below. FIG. 24A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 17. Moreover, FIG. 24B,
FIG. 24C, F1G. 24D, and FIG. 24E are aberration diagrams of
the optical system according to the example 17.

The optical system according to the example 17, as shown
in FIG. 24 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconvex positive lens [.2, a biconvex positive lens 1.3, and
a biconcave negative lens L.4. The biconvex positive lens [.3
and the biconcave negative lens [.4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward an image side, a
positive meniscus lens 1.6 having a convex surface directed
toward the image side, a biconvex positive lens [.7, a positive
meniscus lens [.8 having a convex surface directed toward the
object side, and a biconcave negative lens [.9. The negative
meniscus lens L5 and the positive meniscus lens L6 are
cemented. A predetermined lens unit includes a biconcave
negative lens 1.9.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to seven surfaces namely,
a surface on the image side of the biconvex positive lens .2,
both surfaces of the biconvex positive lens L7, both surfaces
of the positive meniscus lens L8, and both surfaces of the
biconcave negative lens L.9.

Next, an optical system according to an example 18 will be
described below. FIG. 25A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 18. Moreover, FIG. 25B,
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FIG. 25C, FIG. 25D, and F1G. 25E are aberration diagrams of
the optical system according to the example 18.

The optical system according to the example 18, as shown
in FIG. 25A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens L3, and a
biconcave negative lens [.4. The biconvex positive lens L3
and the biconcave negative lens [.4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward the object side, a
positive meniscus lens 1.6 having a convex surface directed
toward the object side, a biconvex positive lens 1.7, a positive
meniscus lens [.8 having a convex surface directed toward an
image side, a biconcave negative lens 1.9, and a negative
meniscus lens [.10 having a convex surface directed toward
the image side. The negative meniscus lens L5 and the posi-
tive meniscus lens 1.6 are cemented. A predetermined lens
unit includes the biconcave negative lens [.9 and the negative
meniscus lens L10.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to five surfaces namely, a
surface on the image side of the positive meniscus lens .2,
both surfaces of the biconvex positive lens L7, and both
surfaces of the negative meniscus lens L.10.

Next, an optical system according to an example 19 will be
described below. FIG. 26A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 19. Moreover, FIG. 26B,
FIG. 26C, F1G. 26D, and F1G. 26F are aberration diagrams of
the optical system according to the example 19.

The optical system according to the example 19, as shown
in FIG. 26 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a negative refractive power.

The first lens unit G1 includes a diffractive optical element
DL, a biconvex positive lens L1, a positive meniscus lens [.2
having a convex surface directed toward the object side, a
biconvex positive lens [.3, and a biconcave negative lens [.4.
The biconvex positive lens 1.3 and the biconcave negative lens
L4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward the object side, a
positive meniscus lens 1.6 having a convex surface directed
toward the object side, a positive meniscus lens [.7 having a
convex surface directed toward the object side, a negative
meniscus lens [.8 having a convex surface directed toward an
image side, a biconvex positive lens 1.9, a biconcave negative
lens [L10, and a biconcave negative lens [.11. The negative
meniscus lens L5 and the positive meniscus lens L6 are
cemented. A predetermined lens unit includes the biconcave
negative lens .10 and the biconcave negative lens [L11.

The diffractive optical element DL has a positive refractive
power as awhole. The diffractive optical element DL includes
a positive meniscus lens having a convex surface directed
toward the object side and a negative meniscus lens having a
convex surface directed toward the object side. A relief pat-
ternis formed at an interface of the positive meniscus lens and
the negative meniscus lens, and the interface is let to be a
diffractive surface.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to 12 surfaces namely, a
surface on the object side of the biconvex positive lens [.1, a
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surface on the image side of the positive meniscus lens .2,
both surfaces of the positive meniscus lens L7, both surfaces
of the negative meniscus lens L8, both surfaces of the bicon-
vex positive lens L9, both surfaces of the biconcave negative
lens [.10, and both surfaces of the biconcave negative lens
L11.

Next, an optical system according to an example 20 will be
described below. FIG. 27A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 20. Moreover, FIG. 27B,
FIG. 27C, FI1G. 27D, and FIG. 27E are aberration diagrams of
the optical system according to the example 20.

The optical system according to the example 20, as shown
in FIG. 27A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a positive meniscus lens 1.9 having a convex surface directed
toward the object side, a biconvex positive lens [.10, a nega-
tive meniscus lens 11 having a convex surface directed
toward an image side, and a negative meniscus lens [.12
having a convex surface directed toward the image side. The
biconcave negative lens .6 and the biconvex positive lens 1.7
are cemented. A predetermined lens unit includes the negative
meniscus lens [.11 and the negative meniscus lens [L12.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 16 surfaces namely, both
surfaces of the biconvex positive lens .1, both surfaces of the
biconcave negative lens L2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L8, both surfaces of the positive meniscus lens 1.9, both
surfaces of the biconvex positive lens 1,10, both surfaces of
the negative meniscus lens [.11, and both surfaces of the
negative meniscus lens [.12.

Next, an optical system according to an example 21 will be
described below. FIG. 28A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 21. Moreover, FIG. 28B,
FIG. 28C, F1G. 28D, and FIG. 28E are aberration diagrams of
the optical system according to the example 21.

The optical system according to the example 21, as shown
in FIG. 28A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a negative meniscus lens .2 having a convex surface directed
toward the object side, a biconvex positive lens [.3, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens L.6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward the object side, a positive meniscus lens [.9
having a convex surface directed toward the object side, a
biconvex positive lens 10, a positive meniscus lens [.11
having a convex surface directed toward the object side, a
biconcave negative lens [.12, and a negative meniscus lens
L13 having a convex surface directed toward the object side.
The biconcave negative lens [.7 and the positive meniscus
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lens L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the negative meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 16 surfaces namely, both
surfaces of the biconvex positive lens [.1, both surfaces of the
negative meniscus lens [.2, a surface on the object side of the
biconvex positive lens L3, a surface on an image side of the
biconvex positive lens L4, both surfaces of the positive menis-
cus lens L9, both surfaces of the biconvex positive lens [.10,
both surfaces of the positive meniscus lens L11, both surfaces
of the biconcave negative lens [.12, and both surfaces of the
negative meniscus lens [L13.

Next, an optical system according to an example 22 will be
described below. FIG. 29A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 22. Moreover, FIG. 29B,
FIG. 29C, FIG. 29D, and F1G. 29E are aberration diagrams of
the optical system according to the example 22.

The optical system according to the example 22, as shown
in FIG. 29A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward the object side, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a biconvex positive lens 1.3, a positive
meniscus lens [.4 having a convex surface directed toward the
object side, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens 1.9, a bicon-
cave negative lens [.10, a biconvex positive lens [.11, a bicon-
cave negative lens [.12, and a negative meniscus lens [.13
having a convex surface directed toward an image side. The
negative meniscus lens 1.7 and the positive meniscus lens 1.8
are cemented. A predetermined lens unit includes the bicon-
cave negative lens .12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens [.3, a surface on the
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
L11, both surfaces of the biconcave negative lens [.12, and
both surfaces of the negative meniscus lens [.13.

Next, an optical system according to an example 23 will be
described below. FIG. 30A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 23. Moreover, FIG. 30B,
FIG. 30C, FIG. 30D, and FI1G. 30E are aberration diagrams of
the optical system according to the example 23.

The optical system according to the example 23, as shown
in FIG. 30A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward the object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a negative meniscus lens 1.3 having a
convex surface directed toward the object side, a biconvex
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positive lens [.4, a biconvex positive lens L5, a biconvex
positive lens 1.6, and a biconcave negative lens L.7. The nega-
tive meniscus lens L1 and the positive meniscus lens 1.2 are
cemented. Moreover, the biconvex positive lens .6 and the
biconcave negative lens .7 are cemented.

The second lens unit G2 includes a negative meniscus lens
L8 having a convex surface directed toward the object side, a
positive meniscus lens 1.9 having a convex surface directed
toward the object side, a biconvex positive lens .10, a bicon-
cave negative lens [.11, a biconvex positive lens [.12, a bicon-
cave negative lens [.13, and a negative meniscus lens [.14
having a convex surface directed toward an image side. The
negative meniscus lens .8 and the positive meniscus lens 1.9
are cemented. A predetermined lens unit includes the bicon-
cave negative lens .13 and the negative meniscus lens [.14.

The aperture stop S is disposed between the biconcave
negative lens 1.7 and the negative meniscus lens 8.

An aspheric surface is provided to 12 surfaces namely, a
surface on the object side of the biconvex positive lens [ 4, a
surface on the image side of the biconvex positive lens L5,
both surfaces of the biconvex positive lens 1.10, both surfaces
of the biconcave negative lens [.11, both surfaces of the
biconvex positive lens 1.12, both surfaces of the biconcave
negative lens [.13, and both surfaces of the negative meniscus
lens L14.

Next, an optical system according to an example 24 will be
described below. FIG. 31A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 24. Moreover, FIG. 31B,
FIG. 31C, FIG. 31D, and FIG. 31E are aberration diagrams of
the optical system according to the example 24.

The optical system according to the example 24, as shown
in FIG. 31A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward an image side, and a bicon-
cave negative lens 6. The positive meniscus lens .5 and the
biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens 110 having a convex surface
directed toward the object side, a biconvex positive lens .11,
a biconcave negative lens .12, and a negative meniscus lens
L13 having a convex surface directed toward the image side.
Thebiconcave negative lens [.7 and the biconvex positive lens
L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the negative meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens [.3, a surface on the
image side of the biconvex positive lens [.4, both surfaces of
the biconvex positive lens 1.9, both surfaces of the negative
meniscus lens [.10, both surfaces of the biconvex positive lens
L11, both surfaces of the biconcave negative lens [.12, and
both surfaces of the negative meniscus lens [.13.

Next, an optical system according to an example 25 will be
described below. FIG. 32A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 25. Moreover, FIG. 32B,
FIG. 32C, FIG. 32D, and FIG. 32E are aberration diagrams of
the optical system according to the example 25.
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The optical system according to the example 25, as shown
in FIG. 32A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward an image side, and a bicon-
cave negative lens L.6. The positive meniscus lens L5 and the
biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens L8, a positive meniscus lens L9 having
a convex surface directed toward the object side, a biconcave
negative lens .10, a biconvex positive lens [.11, a biconcave
negative lens 1.12, and a biconcave negative lens [.13. The
negative meniscus lens [.7 and the biconvex positive lens 1.8
are cemented. A predetermine lens unit includes the bicon-
cave negative lens [.12 and the biconcave negative lens [.13.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object of the biconvex positive lens .3, a surface on the image
side of the biconvex positive lens [.4, both surfaces of the
positive meniscus lens 1.9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
L11, both surfaces of the biconcave negative lens [.12, and
both surfaces of the biconcave negative lens [.13.

Next, an optical system according to an example 26 will be
described below. FIG. 33 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 26. Moreover, FIG. 33B,
FIG. 33C, FIG. 33D, and FIG. 33E are aberration diagrams of
the optical system according to the example 26.

The optical system according to the example 26, as shown
in FIG. 33A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a negative meniscus lens .2 having a convex surface directed
toward an object side, a biconvex positive lens 1.3, a biconvex
positive lens .4, a positive meniscus lens L5 having a convex
surface directed toward an image side, and a negative menis-
cus lens L6 having a convex surface directed toward the
image side. The positive meniscus lens L5 and the negative
meniscus lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a positive meniscus lens L9 having a
convex surface directed toward the object side, a biconcave
negative lens .10, a biconvex positive lens [.11, a biconcave
negative lens [.12, and a negative meniscus lens [.13 having a
convex surface directed toward the image side. The negative
meniscus lens 1.7 and the positive meniscus lens 1.8 are
cemented. A predetermined lens unit includes the biconcave
negative lens [.12 and the negative meniscus [.13.

The aperture stop S is disposed between the negative
meniscus lens L6 and the negative meniscus lens [.7.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens [.3, a surface on the
image side of the biconvex positive lens [.4, both surfaces of
the positive meniscus lens 1.9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
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L11, both surfaces of the biconcave negative lens [.12, and
both surfaces of the negative meniscus lens [.13.

Next, an optical system according to an example 27 will be
described below. FIG. 34A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 27. Moreover, FIG. 34B,
FIG. 34C, F1G. 34D, and FIG. 34E are aberration diagrams of
the optical system according to the example 27.

The optical system according to the example 27, as shown
in FIG. 34A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconvex positive lens [.2, a biconvex positive lens [.3, a
positive meniscus lens 1.4 having a convex surface directed
toward an image side, and a negative meniscus lens L5 having
a convex surface directed toward the image side. The positive
meniscus lens [.4 and the negative meniscus lens L5 are
cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward an object side, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a positive meniscus lens [.8 having a
convex surface directed toward the object side, a biconcave
negative lens 1.9, a biconvex positive lens [.10, a biconcave
negative lens [.11, and a negative meniscus lens [.12 having a
convex surface directed toward the image side. The negative
meniscus lens 1.6 and the positive meniscus lens 1.7 are
cemented. A predetermined lens unit includes the biconcave
negative lens [.11 and the negative meniscus lens [.12.

The aperture stop S is disposed between the negative
meniscus lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens [.2, a surface on the
image side of the biconvex positive lens 1.3, both surfaces of
the positive meniscus lens L8, both surfaces of the biconcave
negative lens 1.9, both surfaces of the biconvex positive lens
110, both surfaces of the biconcave negative lens .11, and
both surfaces of the negative meniscus lens [12.

Next, an optical system according to an example 28 will be
described below. FIG. 35A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 28. Moreover, FIG. 35B,
FIG. 35C, F1G. 35D, and FIG. 35E are aberration diagrams of
the optical system according to the example 28.

The optical system according to the example 28, as shown
in FIG. 35A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward an object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens [.3, a positive
meniscus lens [ .4 having a convex surface directed toward an
image side, and a negative meniscus lens L5 having a convex
surface directed toward the image side. The positive meniscus
lens L4 and the negative meniscus lens L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens 1.7, a positive meniscus lens .8
having a convex surface directed toward the object side, a
negative meniscus lens .9 having a convex surface directed
toward the image side, a biconvex positive lens .10, a bicon-
cave negative lens [.11, and a biconcave negative lens [.12.
Thebiconcave negative lens L6 and the biconvex positive lens
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L7 are cemented. A predetermined lens unit includes the
biconcave negative lens [.11 and the biconcave negative lens
L12.

The aperture stop S is disposed between the negative
meniscus lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the positive meniscus lens 1.2, a surface on the
image side of the biconvex positive lens 1.3, both surfaces of
the positive meniscus lens L8, both surfaces of the negative
meniscus lens [.9, both surfaces of the biconvex positive lens
L10, both surfaces of the biconcave negative lens [.11, and
both surfaces of the biconcave negative lens [.12.

Next, an optical system according to an example 29 will be
described below. FIG. 36A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 29. Moreover, FIG. 36B,
FIG. 36C, FIG. 36D, and FI1G. 36F are aberration diagrams of
the optical system according to the example 29.

The optical system according to the example 29, as shown
in FIG. 36A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens 1.3, a positive
meniscus lens [.4 having a convex surface directed toward an
image side, and a negative meniscus lens L5 having a convex
surface directed toward the image side. The positive meniscus
lens L4 and the negative meniscus lens L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens [.7, a positive meniscus lens [.8
having a convex surface directed toward the object side, a
negative meniscus lens [.9 having a convex surface directed
toward the image side, a biconvex positive lens .10, a bicon-
cave negative lens [.11, and a biconcave negative lens [.12.
The biconcave negative lens L6 and the biconvex positive lens
L7 are cemented. A predetermined lens unit includes the
biconcave negative lens [.11 and the biconcave negative lens
L12.

The aperture stop S is disposed between the negative
meniscus lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the positive meniscus lens 1.2, a surface on the
image side of the biconvex positive lens 1.3, both surfaces of
the positive meniscus lens L8, both surfaces of the negative
meniscus lens [.9, both surfaces of the biconvex positive lens
L10, both surfaces of the biconcave negative lens [.11, and
both surfaces of the biconcave negative lens [.12.

Next, an optical system according to an example 30 will be
described below. FIG. 37A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 30. Moreover, FIG. 37B,
FIG.37C,FIG. 37D, and FI1G. 37E are aberration diagrams of
the optical system according to the example 30.

The optical system according to the example 30, as shown
in FIG. 37A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a biconvex positive lens 1.3, a positive
meniscus lens [.4 having a convex surface directed toward an
image side, and a negative meniscus lens L5 having a convex
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surface directed toward the image side. The positive meniscus
lens L4 and the negative meniscus lens L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens 1.7, a positive meniscus lens .8
having a convex surface directed toward the object side, a
biconvex positive lens 1.9, a biconcave negative lens [.10, and
a biconcave negative lens [.11. The biconcave negative lens
L6 and the biconvex positive lens L7 are cemented. A prede-
termined lens unit includes the biconcave negative lens [.10
and the biconcave negative lens [L11.

The aperture stop S is disposed between the negative
meniscus lens [.5 and the biconcave negative lens L6.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the positive meniscus lens [.2, a surface on the
image side of the biconvex positive lens 1.3, both surfaces of
the positive meniscus lens L8, both surfaces of the biconvex
positive lens L9, both surfaces of the biconcave negative lens
L.10, and both surfaces of the biconcave negative lens L11.

Next, an optical system according to an example 31 will be
described below. FIG. 38A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 31. Moreover, FIG. 38B,
FIG. 38C, F1G. 38D, and FIG. 38E are aberration diagrams of
the optical system according to the example 31.

The optical system according to the example 31, as shown
in FIG. 38A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward an object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a positive meniscus lens 1.3 having a
convex surface directed toward the object side, a biconvex
positive lens .4, and a biconcave negative lens L5. The bicon-
vex positive lens [.4 and the biconcave negative lens L5 are
cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward the object side, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a positive meniscus lens [.8 having a
convex surface directed toward the object side, a positive
meniscus lens [.9 having a convex surface directed toward the
object side, a biconvex positive lens [.10, a biconcave nega-
tive lens [L11, and a positive meniscus lens .12 having a
convex surface directed toward the object side. The negative
meniscus lens 1.6 and the positive meniscus lens 1.7 are
cemented. A predetermined lens unit includes the biconcave
negative lens [.11 and the positive meniscus lens [.12.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the positive meniscus lens [.2, a surface on an
image side of the positive meniscus lens .3, both surfaces of
the positive meniscus lens 1.8, both surfaces of the positive
meniscus lens [.9, both surfaces of the biconvex positive lens
110, both surfaces of the biconcave negative lens .11, and
both surfaces of the positive meniscus lens L12.

Next, an optical system according to an example 32 will be
described below. FIG. 39A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 32. Moreover, FIG. 39B,
FIG. 39C, FIG. 39D, and FIG. 39E are aberration diagrams of
the optical system according to the example 32.

The optical system according to the example 32, as shown
in FIG. 39A, includes a first lens unit G1 having a positive
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refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
positive meniscus lens 1.2 having a convex surface directed
toward the object side, a positive meniscus lens L3 having a
convex surface directed toward the object side, a biconvex
positive lens .4, and a biconcave negative lens L5. The bicon-
vex positive lens [.4 and the biconcave negative lens L5 are
cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward the object side, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a positive meniscus lens L8 having a
convex surface directed toward the object side, a biconvex
positive lens 1.9, a biconcave negative lens 1.10, and a positive
meniscus lens .11 having a convex surface directed toward
an image side. The negative meniscus lens L6 and the positive
meniscus lens 1.7 are cemented. A predetermined lens unit
includes the biconcave negative lens 1.10 and the positive
meniscus lens L11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the positive meniscus lens 1.2, a surface on the
image side of the positive meniscus lens .3, both surfaces of
the positive meniscus lens L8, both surfaces of the biconvex
positive lens L9, both surfaces of the biconcave negative lens
L.10, and both surfaces of the positive meniscus lens [L11.

Next, an optical system according to an example 33 will be
described below. FIG. 40A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 33. Moreover, FIG. 40B,
FIG. 40C, F1G. 40D, and F1G. 40F are aberration diagrams of
the optical system according to the example 33.

The optical system according to the example 33, as shown
in FIG. 40A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a biconvex positive lens .3, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens 1.9, a bicon-
cave negative lens .10, a biconvex positive lens [.11, and a
biconcave negative lens [.12. The negative meniscus lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mine lens unit includes the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the biconvex positive lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L.12.

Next, an optical system according to an example 34 will be
described below. FIG. 41A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
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system according to the example 34. Moreover, FIG. 41B,
FIG. 41C, FIG. 41D, and FIG. 41F are aberration diagrams of
the optical system according to the example 34.

The optical system according to the example 34, as shown
in FIG. 41A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens [.9, a
positive meniscus lens .10 having a convex surface directed
toward the object side, a biconvex positive lens [.11, a bicon-
cave negative lens [.12, and a biconcave negative lens [.13.
The biconcave negative lens [.7 and the positive meniscus
lens L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the biconcave negative lens
L13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 15 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens L9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconvex positive lens
L11, both surfaces of the biconcave negative lens [.12, and
both surfaces of the biconcave negative lens [.13.

Next, an optical system according to an example 35 will be
described below. FIG. 42A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 35. Moreover, FIG. 42B,
FIG. 42C, F1G. 42D, and FIG. 42F are aberration diagrams of
the optical system according to the example 35.

The optical system according to the example 35, as shown
in FIG. 42A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens [.9, a
biconvex positive lens [.10, a biconcave negative lens L11,
and a biconcave negative lens [.12. The biconcave negative
lens L7 and the positive meniscus lens 1.8 are cemented. A
predetermined lens unit includes the biconcave negative lens
L11 and the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens L9, both surfaces of the biconvex
positive lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.
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Next, an optical system according to an example 36 will be
described below. FIG. 43 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 36. Moreover, FIG. 43B,
FIG. 43C, FIG. 43D, and F1G. 43E are aberration diagrams of
the optical system according to the example 36.

The optical system according to the example 36, as shown
in FIG. 43A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens 1.9, a
biconvex positive lens .10, and a biconcave negative lens
L11. The biconcave negative lens 1.7 and the positive menis-
cus lens L8 are cemented. A predetermined lens unit includes
the biconcave negative lens [L11.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 11 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens .9, both surfaces of the biconvex
positive lens [.10, and both surfaces of the biconcave negative
lens L11.

Next, an optical system according to an example 37 will be
described below. FIG. 44A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 37. Moreover, FIG. 44B,
FIG. 44C, F1G. 44D, and F1G. 44F are aberration diagrams of
the optical system according to the example 37.

The optical system according to the example 37, as shown
in FIG. 44A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens 1.9, a
biconvex positive lens 110, a biconvex positive lens [.11, a
biconcave negative lens [.12, and a positive meniscus lens
L.13 having a convex surface directed toward the object side.
The biconcave negative lens [.7 and the positive meniscus
lens L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the positive meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens .9, both surfaces of the biconvex
positive lens [.10, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L.12.
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Next, an optical system according to an example 38 will be
described below. FIG. 45A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 38. Moreover, FIG. 45B,
FIG. 45C, F1G. 45D, and FIG. 45F are aberration diagrams of
the optical system according to the example 38.

The optical system according to the example 38, as shown
in FIG. 45A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a positive meniscus lens [.9
having a convex surface directed toward the object side, a
biconvex positive lens .10, a biconvex positive lens L11, and
a biconcave negative lens [.12. The biconcave negative lens
L7 and the positive meniscus lens .8 are cemented. The
predetermined lens unit includes the biconcave negative lens
L12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of the positive meniscus lens [.9, both surfaces of the bicon-
vex positive lens [.10, both surfaces of the biconvex positive
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 39 will be
described below. FIG. 46A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 39. Moreover, FIG. 46B,
FIG. 46C, F1G. 46D, and FIG. 46F are aberration diagrams of
the optical system according to the example 39.

The optical system according to the example 39, as shown
in FIG. 46A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
negative meniscus lens L6 having a convex surface directed
toward an image side. The biconvex positive lens L5 and the
negative meniscus lens [L6 are cemented.

The second lens unit G2 includes a biconvex positive lens
L7, abiconcave negative lens L8, a negative meniscus lens .9
having a convex surface directed toward the image side, a
biconvex positive lens 110, and a biconcave negative lens
L11. The biconvex positive lens [.7 and the biconcave nega-
tive lens [.8 are cemented. A predetermined lens unit includes
the biconcave negative lens [L11.

The aperture stop S is disposed between the negative
meniscus lens 1.6 and the biconvex positive lens 1.7.

An aspheric surface is provided to 10 surfaces namely, both
surfaces of the biconvex positive lens L1, a surface on an
object side of the biconvex positive lens [.3, a surface on the
image side of the biconvex positive lens [.4, both surfaces of
the negative meniscus lens L9, both surfaces of the biconvex
positive lens [.10, and both surfaces of the biconcave negative
lens L11.
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Next, an optical system according to an example 40 will be
described below. FIG. 47A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 40. Moreover, FIG. 47B,
FIG. 47C, FI1G. 47D, and F1G. 47E are aberration diagrams of
the optical system according to the example 40.

The optical system according to the example 40, as shown
in FIG. 47A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L1
and the biconcave negative lens [.2 are cemented. Moreover,
the biconvex positive lens L5 and the biconcave negative lens
L6 are cemented.

The second lens unit G2 includes a biconvex positive lens
L7, abiconcave negative lens .8, a negative meniscus lens .9
having a convex surface directed toward an image side, a
biconvex positive lens .10, and a biconcave negative lens
L11. The biconvex positive lens .7 and the biconcave nega-
tive lens [.8 are cemented. A predetermined lens unit includes
the biconcave negative lens [L11.

The aperture stop S is disposed between the biconcave
negative lens L6 and the biconvex positive lens L.7.

An aspheric surface is provided to 11 surfaces namely, a
surface on an object side of the biconvex positive lens L1, a
cemented surface of the biconvex positive lens [.1 and the
biconcave negative lens .2, a surface on the image side of the
biconcave negative lens 1.2, a surface on the object side of the
biconvex positive lens L3, a surface on the image side of the
biconvex positive lens L4, both surfaces of the negative
meniscus lens [.9, both surfaces of the biconvex positive lens
L.10, and both surfaces of the biconcave negative lens L11.

Next, an optical system according to an example 41 will be
described below. FIG. 48A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 41. Moreover, FIG. 48B,
FIG. 48C, F1G. 48D, and F1G. 48E are aberration diagrams of
the optical system according to the example 41.

The optical system according to the example 41, as shown
in FIG. 48A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an object side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The negative meniscus lens L1
and the biconvex positive lens L2 are cemented. Moreover,
the biconvex positive lens L5 and the biconcave negative lens
L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a positive meniscus lens L9 having a
convex surface directed toward the object side, a biconvex
positive lens [.10, a negative meniscus lens [.11 having a
convex surface directed toward the object side, a negative
meniscus lens [.12 having a convex surface directed toward
an image side, and a biconcave negative lens [.13. The nega-
tive meniscus lens 7 and the positive meniscus lens L8 are
cemented. A predetermined lens unit includes the biconcave
negative lens [13.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.
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An aspheric surface is provided to eight surfaces namely,
both surfaces of the biconcave negative lens [.3, both surfaces
of'the biconvex positive lens L4, both surfaces of the biconvex
positive lens [.10, and both surfaces of the biconcave negative
lens L13.

Next, an optical system according to an example 42 will be
described below. FIG. 49A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 42. Moreover, FIG. 49B,
FIG. 49C, F1G. 49D, and FIG. 49E are aberration diagrams of
the optical system according to the example 42.

The optical system according to the example 42, as shown
in FIG. 49A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a negative meniscus lens .2 having a convex surface directed
toward an image side, a biconcave negative lens [.3, a bicon-
vex positive lens 1.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L1
and the negative meniscus lens 1.2 are cemented. Moreover,
the biconvex positive lens L5 and the biconcave negative lens
L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward an object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a positive meniscus lens 1.9 having a
convex surface directed toward the object side, a positive
meniscus lens 110 having a convex surface directed toward
the object side, a biconvex positive lens 111, a negative
meniscus lens 112 having a convex surface directed toward
the object side, a negative meniscus lens .13 having a convex
surface directed toward the image side, and a biconcave nega-
tive lens [.14. The negative meniscus lens [.7 and the positive
meniscus lens 1.8 are cemented. A predetermined lens unit
includes the biconcave negative lens [.14.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

An aspheric surface is provided to eight surfaces namely,
both surfaces of the biconcave negative lens [.3, both surfaces
of'the biconvex positive lens L4, both surfaces of the biconvex
positive lens [.11, and both surfaces of the biconcave negative
lens L14.

Next, an optical system according to an example 43 will be
described below. FIG. 50A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 43. Moreover, FIG. 50B,
FIG. 50C, FI1G. 50D, and FIG. 50F are aberration diagrams of
the optical system according to the example 43.

The optical system according to the example 43, as shown
in FIG. 50A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens [.9, a
biconvex positive lens [.10, a biconcave negative lens L11,
and a biconcave negative lens [.12. The biconcave negative
lens L7 and the positive meniscus lens 1.8 are cemented. A
predetermined lens unit includes the biconcave negative lens
L11 and the biconcave negative lens [.12.
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The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens .9, both surfaces of the biconvex
positive lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 44 will be
described below. FIG. 51A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 44. Moreover, FIG. 51B,
FIG. 51C, FIG. 51D, and F1G. 51F are aberration diagrams of
the optical system according to the example 44.

The optical system according to the example 44, as shown
in FIG. 51A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens 1.9, a
positive meniscus lens [.10 having a convex surface directed
toward the object side, a biconcave negative lens .11, and a
biconcave negative lens [.12. The biconcave negative lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens .11 and
the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens 1.9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 45 will be
described below. FIG. 52A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 45. Moreover, FIG. 52B,
FIG. 52C, FIG. 52D, and F1G. 52F are aberration diagrams of
the optical system according to the example 45.

The optical system according to the example 45, as shown
in FIG. 52A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens 1.9, a
positive meniscus lens [.10 having a convex surface directed
toward the object side, a biconcave negative lens .11, and a
biconcave negative lens [.12. The biconcave negative lens 1.7
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and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens .11 and
the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens L9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 46 will be
described below. FIG. 53 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 46. Moreover, FIG. 53B,
FIG. 53C, FI1G. 53D, and FIG. 53E are aberration diagrams of
the optical system according to the example 46.

The optical system according to the example 46, as shown
in FIG. 53A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens [.9, a
positive meniscus lens .10 having a convex surface directed
toward the object side, a biconcave negative lens .11, and a
biconcave negative lens [.12. The biconcave negative lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens .11 and
the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens L9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 47 will be
described below. FIG. 54A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 47. Moreover, FIG. 54B,
FIG. 54C, F1G. 54D, and FIG. 54F are aberration diagrams of
the optical system according to the example 47.

The optical system according to the example 47, as shown
in FIG. 54A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward an object side, a biconvex positive lens [.9, a



US 9,151,937 B2

93

biconvex positive lens .10, a biconcave negative lens [11,
and a biconcave negative lens [.12. The biconcave negative
lens L7 and the positive meniscus lens 1.8 are cemented. A
predetermined lens unit includes the biconcave negative lens
L11 and the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on an image side of the biconvex positive lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens .9, both surfaces of the biconvex
positive lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 48 will be
described below. FIG. 55A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 48. Moreover, FIG. 55B,
FIG. 55C, F1G. 55D, and F1G. 55E are aberration diagrams of
the optical system according to the example 48.

The optical system according to the example 48, as shown
in FIG. 55A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an image side, a
biconcave negative lens 1.2, a biconvex positive lens L3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward an object side, and a nega-
tive meniscus lens L6 having a convex surface directed
toward the object side. The positive meniscus lens L5 and the
negative meniscus lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward the object side, a biconvex positive lens L9, a
positive meniscus lens [.10 having a convex surface directed
toward the object side, a biconcave negative lens .11, and a
biconcave negative lens [.12. The biconcave negative lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens .11 and
the biconcave negative lens [.12.

The aperture stop S is disposed between the negative
meniscus lens [.6 and the biconcave negative lens L.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on the image side of the positive meniscus lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens 1.9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconcave negative
lens [L11, and both surfaces of the biconcave negative lens
L12.

Next, an optical system according to an example 49 will be
described below. FIG. 56A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 49. Moreover, FIG. 56B,
FIG. 56C, F1G. 56D, and F1G. 56F are aberration diagrams of
the optical system according to the example 49.

The optical system according to the example 49, as shown
in FIG. 56A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an image side, a
biconcave negative lens 1.2, a biconvex positive lens L3, a

10

15

20

25

30

35

40

45

50

55

60

65

94

biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward an object side, and a nega-
tive meniscus lens 1.6 having a convex surface directed
toward the object side. The positive meniscus lens L5 and the
negative meniscus lens [L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens [.9, a positive
meniscus lens 110 having a convex surface directed toward
the object side, a biconcave negative lens .11, and a negative
meniscus lens 112 having a convex surface directed toward
the image side. The negative meniscus lens L7 and the posi-
tive meniscus lens .8 are cemented. A predetermined lens
unit includes the biconcave negative lens [.11 and the nega-
tive meniscus lens [L12.

The aperture stop S is disposed between the negative
meniscus lens L6 and the negative meniscus lens [.7.

An aspheric surface is provided to 13 surfaces namely, a
surface on the image side of the positive meniscus lens [.1,
both surfaces of the biconcave negative lens [.2, a surface on
the object side of the biconvex positive lens L3, a surface on
the image side of the biconvex positive lens L4, both surfaces
of'the biconvex positive lens L9, both surfaces of the positive
meniscus lens [.10, both surfaces of the biconcave negative
lens L11, and both surfaces of the negative meniscus lens
L12.

Next, an optical system according to an example 50 will be
described below. FIG. 57A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 50. Moreover, FIG. 57B,
FIG. 57C, FI1G. 57D, and FIG. 57E are aberration diagrams of
the optical system according to the example 50.

The optical system according to the example 50, as shown
in FIG. 57A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
positive meniscus lens 1.4 having a convex surface directed
toward an object side, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens [.9, a bicon-
cave negative lens [.10, a biconvex positive lens 11, and
biconcave negative lens [.12. The negative meniscus lens L7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens 110, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L12.

Next, an optical system according to an example 51 will be
described below. FIG. 58A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 51. Moreover, FIG. 58B,
FIG. 58C, F1G. 58D, and FIG. 58E are aberration diagrams of
the optical system according to the example 51.
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The optical system according to the example 51, as shown
in FIG. 58A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
positive meniscus lens [.4 having a convex surface directed
toward an object side, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens 1.9, a bicon-
cave negative lens .10, a biconvex positive lens [.11, and a
biconcave negative lens [.12. The negative meniscus lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens [L12.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L.12.

Next, an optical system according to an example 52 will be
described below. FIG. 59A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 52. Moreover, FIG. 59B,
FIG. 59C, F1G. 59D, and F1G. 59E are aberration diagrams of
the optical system according to the example 52.

The optical system according to the example 52, as shown
in FIG. 59A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
positive meniscus lens [.4 having a convex surface directed
toward an object side, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens 1.9, a bicon-
cave negative lens .10, a biconvex positive lens [.11, and a
biconcave negative lens [.12. The negative meniscus lens 1.7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens [L12.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens [.10, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L.12.

Next, an optical system according to an example 53 will be
described below. FIG. 60A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 53. Moreover, FIG. 60B,
FIG. 60C, FIG. 60D, and FIG. 60F are aberration diagrams of
the optical system according to the example 53.
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The optical system according to the example 53, as shown
in FIG. 60A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
positive meniscus lens 1.4 having a convex surface directed
toward an object side, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens [.9, a bicon-
cave negative lens 110, a biconvex positive lens [.11, and a
biconcave negative lens [.12. The negative meniscus lens L7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes a biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens 110, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L12.

Next, an optical system according to an example 54 will be
described below. FIG. 61A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 54. Moreover, FIG. 61B,
FIG. 6C, FIG. 61D, and FIG. 61E are aberration diagrams of
the optical system according to the example 54.

The optical system according to the example 54, as shown
in FIG. 61A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens [.2, a biconvex positive lens [.3, a
positive meniscus lens 1.4 having a convex surface directed
toward the object side, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a biconvex positive lens [.9, a bicon-
cave negative lens 110, a biconvex positive lens [.11, and a
biconcave negative lens [.12. The negative meniscus lens L7
and the positive meniscus lens L8 are cemented. A predeter-
mined lens unit includes the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens 110, both surfaces of the biconvex positive lens
L11, and both surfaces of the biconcave negative lens L12.

Next, an optical system according to an example 55 will be
described below. FIG. 62A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 55. Moreover, FIG. 62B,
FIG. 62C, FIG. 62D, and FIG. 62F are aberration diagrams of
the optical system according to the example 55.
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The optical system according to the example 55, as shown
in FIG. 62A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
biconvex positive lens L2, a positive meniscus lens 1.3 having
a convex surface directed toward the object side, a biconvex
positive lens .4, and a biconcave negative lens L5. The bicon-
vex positive lens [.4 and the biconcave negative lens L5 are
cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward the object side, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a biconvex positive lens [.8, a bicon-
cave negative lens 1.9, a biconvex positive lens [.10, a nega-
tive meniscus lens L.11 having a convex surface directed
toward an image side, and a biconcave negative lens [.12. The
negative meniscus lens 1.6 and the positive meniscus lens 1.7
are cemented. A predetermined lens unit includes the bicon-
cave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens [.2, a surface on the
image side of the positive meniscus lens 1.3, a surface on the
object side of the biconvex positive lens L8, both surfaces of
the biconcave negative lens L9, both surfaces of the biconvex
positive lens [.10, both surfaces of the negative meniscus lens
L11, an a surface on the image side of the biconcave negative
lens L12.

Next, an optical system according to an example 56 will be
described below. FIG. 63 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 56. Moreover, FIG. 63B,
FIG. 63C, FIG. 63D, and FIG. 63E are aberration diagrams of
the optical system according to the example 56.

The optical system according to the example 56, as shown
in FIG. 63A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a diffractive optical element
DL, a biconvex positive lens L1, a positive meniscus lens [.2
having a convex surface directed toward an object side, a
biconvex positive lens [.3, and a biconcave negative lens [.4.
The biconvex positive lens 1.3 and the biconcave negative lens
L4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward the object side, a
positive meniscus lens 1.6 having a convex surface directed
toward the object side, a positive meniscus lens [.7 having a
convex surface directed toward the object side, a negative
meniscus lens [.8 having a convex surface directed toward an
image side, a biconvex positive lens 1.9, a biconcave negative
lens [L10, and a biconcave negative lens [.11. The negative
meniscus lens L5 and the positive meniscus lens L6 are
cemented. A predetermined lens unit includes the biconcave
negative lens .10 and the biconcave negative lens [L11.

The diffractive optical element DL has a positive refractive
power as awhole. The diffractive optical element DL includes
a positive meniscus lens having a convex surface directed
toward the object side and a negative meniscus lens having a
convex surface directed toward the object side. A relief pat-
ternis formed at an interface of the positive meniscus lens and
the negative meniscus lens, and the interface is let to be a
diffractive surface.
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The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to 12 surfaces namely, a
surface on the object side of the biconvex positive lens L1, a
surface on the image side of the positive meniscus lens .2,
both surfaces of the positive meniscus lens L7, both surfaces
of the negative meniscus lens L8, both surfaces of the bicon-
vex positive lens L9, both surfaces of the biconcave negative
lens [.10, and both surfaces of the biconcave negative lens
L11.

Next, an optical system according to an example 57 will be
described below. FIG. 64A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 57. Moreover, FIG. 64B,
FIG. 64C, F1G. 64D, and FIG. 64E are aberration diagrams of
the optical system according to the example 57.

The optical system according to the example 57, as shown
in FIG. 64A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward an object side, a
biconvex positive lens 1.2, a diffractive optical element DL, a
biconvex positive lens [.3, and a biconcave negative lens [.4.
The biconvex positive lens .3 and the biconcave negative lens
L4 are cemented.

The second lens unit G2 includes a negative meniscus lens
L5 having a convex surface directed toward the object side, a
positive meniscus lens 1.6 having a convex surface directed
toward the object side, a positive meniscus lens L7 having a
convex surface directed toward the object side, a biconvex
positive lens L8, a biconcave negative lens 1.9, and a negative
meniscus lens 110 having a convex surface directed toward
the object side. The negative meniscus lens L5 and the posi-
tive meniscus lens 1.6 are cemented. A predetermined lens
unit includes the biconcave negative lens 1.9 and the negative
meniscus lens L10.

The diffractive optical element DL has a positive refractive
power as awhole. The diffractive optical element DL includes
a positive meniscus lens having a convex surface directed
toward the object side and a negative meniscus lens having a
convex surface directed toward the object side. A relief pat-
tern is formed at an interface of the positive meniscus lens and
the negative meniscus lens, and the interface is let to be a
diffractive surface.

The aperture stop S is disposed between the biconcave
negative lens [.4 and the negative meniscus lens LS.

An aspheric surface is provided to 11 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens 1.2, both surfaces of
the positive meniscus lens 1.7, both surfaces of the biconvex
positive lens L8, both surfaces of the biconcave negative lens
L9, and both surfaces of the negative meniscus lens [.10.

Next, an optical system according to an example 58 will be
described below. FIG. 65A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 58. Moreover, FIG. 65B,
FIG. 65C, FIG. 65D, and FIG. 65E are aberration diagrams of
the optical system according to the example 58.

The optical system according to the example 58, as shown
in FIG. 65A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward an object side, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a biconvex positive lens [.3, a positive
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meniscus lens [.4 having a convex surface directed toward the
object side, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a positive meniscus lens 1.8 having a convex surface
directed toward the object side, a biconvex positive lens L9, a
biconcave negative lens [.10, a diffractive optical element
DL, and a biconcave negative lens [.11. The biconcave nega-
tive lens L7 and the positive meniscus lens L8 are cemented.
A predetermined lens unit includes a biconcave negative lens
L.10 and the biconcave negative lens L.11.

The diffractive optical element DL has a positive refractive
power as awhole. The diffractive optical element DL includes
a biconvex positive lens and a negative meniscus lens having
a convex surface directed toward an image side. A relief
pattern is formed at an interface of the biconvex positive lens
and the negative meniscus lens, and the interface is letto be a
diffractive surface.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 10 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens [.3, a surface on the
image side of the positive meniscus lens [.4, both surfaces of
the biconvex positive lens L9, both surfaces of the biconcave
negative lens [.10, and both surfaces of the biconcave nega-
tive lens L11.

Next, an optical system according to an example 59 will be
described below. FIG. 66A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 59. Moreover, FIG. 66B,
FIG. 66C, FIG. 66D, and FI1G. 66F are aberration diagrams of
the optical system according to the example 59.

The optical system according to the example 59, as shown
in FIG. 66A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a negative refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an object side, a
negative meniscus lens [.2 having a convex surface directed
toward the object side, a biconvex positive lens .3, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a diffractive optical element
DL, a negative meniscus lens 1.9 having a convex surface
directed toward the object side, a biconvex positive lens [.10,
and a biconcave negative lens [.11. The biconcave negative
lens 1.7 and the biconvex positive lens [.8 are cemented. A
predetermined lens unit includes the biconcave negative lens
L11.

The diffractive optical element DL has a positive refractive
power as awhole. The diffractive optical element DL includes
a positive meniscus lens having a convex surface directed
toward the object side, and a negative meniscus lens having a
convex surface directed toward the object side. A relief pat-
ternis formed at an interface of the positive meniscus lens and
the negative meniscus lens, and the interface is let to be a
diffractive surface.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 12 surfaces namely, both
surfaces of the positive meniscus lens L1, a surface on the
object side of the biconvex positive lens 1.3, a surface on an
image side of the biconvex positive lens [.4, both surfaces of
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the diffractive optical element DL, both surfaces of the nega-
tive meniscus lens .9, both surfaces of the biconvex positive
lens [.10, and both surfaces of the biconcave negative lens
L11.

Next, an optical system according to an example 60 will be
described below. FIG. 67A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 60. Moreover, FIG. 67B,
FIG. 67C, FIG. 67D, and FIG. 67E are aberration diagrams of
the optical system according to the example 60.

The optical system according to the example 60, as shown
in FIG. 67A, includes a first lens unit G1 having a positive
refractive power, an aperture stop S, and a second lens unit G2
having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a negative meniscus lens .2 having a convex surface directed
toward an object side, a biconvex positive lens .3, a diffrac-
tive optical element DL, a biconvex positive lens [.4, and a
biconcave negative lens 5. The biconvex positive lens 1.4
and the biconcave negative lens [.5 are cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward the object side, a
positive meniscus lens 1.7 having a convex surface directed
toward the object side, a positive meniscus lens [.8 having a
convex surface directed toward the object side, a biconcave
negative lens 1.9, a biconvex positive lens .10, and a bicon-
cave negative lens L11. The negative meniscus lens L6 and
the positive meniscus lens [.7 are cemented. A predetermined
lens unit includes the biconcave negative lens L11.

The diffractive optical element DL has a negative refractive
power as awhole. The diffractive optical element DL includes
a positive meniscus lens having a convex surface directed
toward an object side and a negative meniscus lens having a
convex surface directed toward the image side. A relief pat-
tern is formed at an interface of the positive meniscus lens and
the negative meniscus lens, and the interface is let to be a
diffractive surface.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6.

An aspheric surface is provided to 11 surfaces namely, both
surfaces of the biconvex positive lens .1, a surface on the
object side of the biconvex positive lens 1.3, both surfaces of
the positive meniscus lens L8, both surfaces of the biconcave
negative lens 1.9, both surfaces of the biconvex positive lens
L.10, and both surfaces of the biconcave negative lens L11.

Next, an optical system according to an example 61 will be
described below. FIG. 68A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 61. Moreover, FIG. 68B,
FIG. 68C, FI1G. 68D, and FIG. 68E are aberration diagrams of
the optical system according to the example 61.

The optical system according to the example 61, as shown
in FIG. 68A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the object side, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens L.6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens 110 having a convex surface
directed toward the image side, a positive meniscus lens [.11
having a convex surface directed toward the image side, a
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negative meniscus lens [.12 having a convex surface directed
toward the image side, and a negative meniscus lens [.13
having a convex surface directed toward the object side. The
biconcave negative lens [.7 and the biconvex positive lens 1.8
are cemented. A predetermined lens unit includes the negative
meniscus lens [.12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens 1.9, both sur-
faces of the negative meniscus lens .10, both surfaces of the
positive meniscus lens [.11, both surfaces of the negative
meniscus lens [.12, and both surfaces of the negative menis-
cus lens L13.

Next, an optical system according to an example 62 will be
described below. FIG. 69A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 62. Moreover, FIG. 69B,
FIG. 69C, FIG. 69D, and F1G. 69E are aberration diagrams of
the optical system according to the example 62.

The optical system according to the example 62, as shown
in FIG. 69A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the object side, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens .10 having a convex surface
directed toward the image side, a positive meniscus lens [.11
having a convex surface directed toward the image side, a
negative meniscus lens [.12 having a convex surface directed
toward the image side, and a negative meniscus lens [.13
having a convex surface directed toward the object side. The
biconcave negative lens [.7 and the biconvex positive lens 1.8
are cemented. A predetermined lens unit includes the negative
meniscus lens [.12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens 1.9, both sur-
faces of the negative meniscus lens .10, both surfaces of the
positive meniscus lens [.11, both surfaces of the negative
meniscus lens [.12, and both surfaces of the negative menis-
cus lens L13.

Next, an optical system according to an example 63 will be
described below. FIG. 70A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 63. Moreover, FIG. 70B,
FIG.70C, FIG. 70D, and FI1G. 70E are aberration diagrams of
the optical system according to the example 63.

The optical system according to the example 63, as shown
in FIG. 70A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.
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The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a positive meniscus lens 1.9 having a convex surface directed
toward the image side, a negative meniscus lens .10 having a
convex surface directed toward the image side, and a negative
meniscus lens 11 having a convex surface directed toward
the object side. The biconcave negative lens 1.6 and the bicon-
vex positive lens [.7 are cemented. A predetermined lens unit
includes the negative meniscus lens [.10 and the negative
meniscus lens LL11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the positive meniscus lens L9, both surfaces
of the negative meniscus lens .10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 64 will be
described below. FIG. 71A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 64. Moreover, FIG. 71B,
FIG. 71C, FI1G. 71D, and FIG. 71E are aberration diagrams of
the optical system according to the example 64.

The optical system according to the example 64, as shown
in FIG. 71A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a positive meniscus lens 1.9 having a convex surface directed
toward the image side, a negative meniscus lens .10 having a
convex surface directed toward the image side, and a negative
meniscus lens 11 having a convex surface directed toward
the object side. The biconcave negative lens 1.6 and the bicon-
vex positive lens [.7 are cemented. A predetermined lens unit
includes the negative meniscus lens [.10 and the negative
meniscus lens LL11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the positive meniscus lens L9, both surfaces
of the negative meniscus lens .10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 65 will be
described below. FIG. 72A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 65. Moreover, FIG. 72B,
FIG. 72C, F1G. 72D, and FIG. 72E are aberration diagrams of
the optical system according to the example 65.
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The optical system according to the example 65, as shown
in FIG. 72A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the object side, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens .10 having a convex surface
directed toward the image side, a positive meniscus lens [.11
having a convex surface directed toward the image side, a
negative meniscus lens [.12 having a convex surface directed
toward the image side, and a negative meniscus lens [.13
having a convex surface directed toward the object side. The
biconcave negative lens [.7 and the biconvex positive lens 1.8
are cemented. A predetermined lens unit includes the negative
meniscus lens [.12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens 1.9, both sur-
faces of the negative meniscus lens .10, both surfaces of the
positive meniscus lens [.11, both surfaces of the negative
meniscus lens [.12, and both surfaces of the negative menis-
cus lens L13.

Next, an optical system according to an example 66 will be
described below. FIG. 73 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 66. Moreover, FIG. 73B,
FIG. 73C,FIG. 73D, and F1G. 73E are aberration diagrams of
the optical system according to the example 66.

The optical system according to the example 66, as shown
in FIG. 73 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the object side, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens 6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens .10 having a convex surface
directed toward the image side, a positive meniscus lens [.11
having a convex surface directed toward the image side, a
negative meniscus lens [.12 having a convex surface directed
toward the image side, and a negative meniscus lens [.13
having a convex surface directed toward the object side. The
biconcave negative lens [.7 and the biconvex positive lens 1.8
are cemented. A predetermined lens unit includes the negative
meniscus lens [.12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
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L4, both surfaces of the biconvex positive lens L9, both sur-
faces of the negative meniscus lens [.10, both surfaces of the
positive meniscus lens [.11, both surfaces of the negative
meniscus lens [.12, and both surfaces of the negative menis-
cus lens L13.

Next, an optical system according to an example 67 will be
described below. FIG. 74A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 67. Moreover, FIG. 74B,
FIG. 74C, F1G. 74D, and FIG. 74E are aberration diagrams of
the optical system according to the example 67.

The optical system according to the example 67, as shown
in FIG. 74 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the object side, a biconvex
positive lens [.4, a biconvex positive lens L5, and a biconcave
negative lens L.6. The biconvex positive lens L5 and the bicon-
cave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens 110 having a convex surface
directed toward the image side, a positive meniscus lens [.11
having a convex surface directed toward the image side, a
negative meniscus lens .12 having a convex surface directed
toward the image side, and a negative meniscus lens [.13
having a convex surface directed toward the object side. The
biconcave negative lens 1.7 and the biconvex positive lens 1.8
are cemented. A predetermined lens unit includes the negative
meniscus lens [.12 and the negative meniscus lens [.13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L9, both sur-
faces of the negative meniscus lens [.10, both surfaces of the
positive meniscus lens [.11, both surfaces of the negative
meniscus lens [.12, and both surfaces of the negative menis-
cus lens L13.

Next, an optical system according to an example 68 will be
described below. FIG. 75A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 68. Moreover, FIG. 75B,
FIG. 75C, F1G. 75D, and FIG. 75E are aberration diagrams of
the optical system according to the example 68.

The optical system according to the example 68, as shown
in FIG. 75A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens L4, a biconvex positive lens L5, a
biconcave negative lens L6, a biconvex positive lens 1.7, and
a negative meniscus lens L8 having a convex surface directed
toward an image side. The biconvex positive lens .7 and the
negative meniscus lens [.8 are cemented.

The second lens unit G2 includes a biconvex positive lens
L9, a positive meniscus lens .10 having a convex surface
directed toward the image side, a biconcave negative lens
L11, a biconvex positive lens [.12, a positive meniscus lens
L13 having a convex surface directed toward the object side,
a biconvex positive lens [.14, a negative meniscus lens [.15
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having a convex surface directed toward the object side, a
negative meniscus lens [.16 having a convex surface directed
toward the image side, and a biconcave negative lens L17.
The positive meniscus lens [.10, the biconcave negative lens
L11, and the biconvex positive lens .12 are cemented. A
predetermined lens unit includes the negative meniscus lens
16 and the biconcave negative lens .17.

The aperture stop S is disposed between the negative
meniscus lens [.8 and the biconvex positive lens [.9. More
elaborately, the aperture stop is disposed between a vertex of
an object-side surface of the biconvex positive lens L9 and a
vertex of an image-side surface of the biconvex positive lens
L9.

An aspheric surface is provided to 24 surfaces namely, both
surfaces of the biconcave negative lens L1, both surfaces of
the biconvex positive lens [.2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L5, both sur-
faces of the biconcave negative lens L6, both surfaces of the
biconvex positive lens 1.9, both surfaces of the positive menis-
cus lens [.13, both surfaces of the biconvex positive lens [.14,
both surfaces of the negative meniscus lens L.15, both sur-
faces of the negative meniscus lens .16, and both surfaces of
the biconcave negative lens [L17.

Next, an optical system according to an example 69 will be
described below. FIG. 76A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 69. Moreover, FIG. 76B,
FIG.76C, F1G. 76D, and F1G. 76F are aberration diagrams of
the optical system according to the example 69.

The optical system according to the example 69, as shown
in FIG. 76 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens L4, a biconvex positive lens L5, a
biconcave negative lens 1.6, a biconvex positive lens L7, and
a biconcave negative lens L.8. The biconvex positive lens .7
and the biconcave negative lens [.8 are cemented.

The second lens unit G2 includes a biconvex positive lens
L9, a positive meniscus lens 110 having a convex surface
directed toward an image side, a biconcave negative lens [L11,
a biconvex positive lens [.12, a positive meniscus lens [.13
having a convex surface directed toward the object side, a
biconvex positive lens [.14, a negative meniscus lens [.15
having a convex surface directed toward the object side, a
biconvex positive lens .16, and a biconcave negative lens
L17. The positive meniscus lens .10, the biconcave negative
lens .11, and the biconvex positive lens [.12 are cemented. A
predetermined lens unit includes the biconcave negative lens
L17.

The aperture stop S is disposed between the biconcave
negative lens L8 and the biconvex positive lens [.9. More
elaborately, the aperture stop S is disposed between a vertex
of'an object-side surface of the biconvex positive lens 1.9 and
a vertex of an image-side surface of the biconvex positive lens
L9.

An aspheric surface is provided to 24 surfaces namely, both
surfaces of the biconcave negative lens L1, both surfaces of
the biconvex positive lens [.2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L5, both sur-
faces of the biconcave negative lens L6, both surfaces of the
biconvex positive lens 1.9, both surfaces of the positive menis-
cus lens [.13, both surfaces of the biconvex positive lens [.14,
both surfaces of the negative meniscus lens L.15, both sur-

10

20

25

30

35

40

45

50

55

60

65

106

faces of the biconvex positive lens .16, and both surfaces of
the biconcave negative lens [.17.

Next, an optical system according to an example 70 will be
described below. FIG. 77A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 70. Moreover, FIG. 77B,
FIG. 77C, F1G. 77D, and FIG. 77E are aberration diagrams of
the optical system according to the example 70.

The optical system according to the example 70, as shown
in FIG. 77A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens L4, a biconvex positive lens L5, a
biconcave negative lens L6, a biconvex positive lens 1.7, and
a biconcave negative lens L8. The biconvex positive lens [.7
and the biconcave negative lens [.8 are cemented.

The second lens unit G2 includes a biconvex positive lens
L9, a positive meniscus lens .10 having a convex surface
directed toward an image side, a biconcave negative lens .11,
a biconvex positive lens [.12, a positive meniscus lens .13
having a convex surface directed toward the object side, a
biconvex positive lens [.14, a negative meniscus lens [.15
having a convex surface directed toward the object side, and
a negative meniscus lens 116 having a convex surface
directed toward the image side. The positive meniscus lens
L.10, the biconcave negative lens [.11, and the biconvex posi-
tive lens [L12 are cemented. A predetermined lens unit
includes the negative meniscus lens [.15 and the negative
meniscus lens L16.

The aperture stop S is disposed between the biconcave
negative lens 1.8 and the biconvex positive lens L.9.

An aspheric surface is provided to 22 surfaces namely, both
surfaces of the biconcave negative lens L1, both surfaces of
the biconvex positive lens [.2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L5, both sur-
faces of the biconcave negative lens L6, both surfaces of the
biconvex positive lens 1.9, both surfaces of the positive menis-
cus lens [.13, both surfaces of the biconvex positive lens [.14,
both surfaces of the negative meniscus lens .15, and both
surfaces of the negative meniscus lens [.16.

Next, an optical system according to an example 71 will be
described below. FIG. 78A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 71. Moreover, FIG. 78B,
FIG. 78C, F1G. 78D, and FIG. 78E are aberration diagrams of
the optical system according to the example 71.

The optical system according to the example 71, as shown
in FIG. 78A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens L4, a biconcave negative lens .5, a
biconvex positive lens L6, and a biconcave negative lens L7.
The biconvex positive lens 1.6 and the biconcave negative lens
L7 are cemented.

The second lens unit G2 includes a biconvex positive lens
L8, a positive meniscus lens 1.9 having a convex surface
directed toward an image side, a biconcave negative lens .10,
a biconvex positive lens [.11, a positive meniscus lens [.12
having a convex surface directed toward the object side, a
biconvex positive lens [.13, a negative meniscus lens [.14
having a convex surface directed toward the object side, and
a negative meniscus lens [.15 having a convex surface
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directed toward the image side. The positive meniscus lens
L9, the biconcave negative lens [.10, and the biconvex posi-
tive lens [L11 are cemented. A predetermined lens unit
includes the negative meniscus lens [.14 and the negative
meniscus lens L15.

The aperture stop S is disposed between the biconcave
negative lens L7 and the biconvex positive lens [.8. More
elaborately, the aperture stop S is disposed between a vertex
of'an object-side surface of the biconvex positive lens 1.8 and
a vertex of an image-side surface of the biconvex positive lens
L8.

An aspheric surface is provided to 20 surfaces namely, both
surfaces of the biconcave negative lens L1, both surfaces of
the biconvex positive lens [.2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconcave negative lens L5, both
surfaces of the biconvex positive lens [.8, both surfaces of the
positive meniscus lens [.12, both surfaces of the biconvex
positive lens [.13, both surfaces of the negative meniscus lens
L.14, and both surfaces of the negative meniscus lens [.15.

Next, an optical system according to an example 72 will be
described below. FIG. 79A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 72. Moreover, FIG. 79B,
FIG.79C, FI1G. 79D, and F1G. 79E are aberration diagrams of
the optical system according to the example 72.

The optical system according to the example 72, as shown
in FIG. 79A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
positive meniscus lens [.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens [.4 and the biconcave negative lens L5
are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
anegative meniscus lens L9 having a convex surface directed
toward the image side, a positive meniscus lens [.10 having a
convex surface directed toward the image side, a biconvex
positive lens .11, and a negative meniscus lens .12 having a
convex surface directed toward the object side. The biconcave
negative lens 1.6 and the biconvex positive lens L7 are
cemented. A predetermined lens unit includes the negative
meniscus lens [L12.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 16 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the negative meniscus lens 1.9, both surfaces
of' the positive meniscus lens [.10, both surfaces of the bicon-
vex positive lens [.11, and both surfaces of the negative
meniscus lens [L12.

Next, an optical system according to an example 73 will be
described below. FIG. 80A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 73. Moreover, FIG. 80B,
FIG. 80C, FI1G. 80D, and FIG. 80F are aberration diagrams of
the optical system according to the example 73.

The optical system according to the example 73, as shown
in FIG. 80A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.
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The first lens unit G1 includes a biconcave negative lens
L1, a positive meniscus lens [.2 having a convex surface
directed toward an image side, a biconvex positive lens .3, a
biconvex positive lens 1.4, a biconvex positive lens LS5, a
negative meniscus lens L6 having a convex surface directed
toward the image side, a positive meniscus lens L7 having a
convex surface directed toward the image side, a biconcave
negative lens L8, a biconvex positive lens 1.9, and a negative
meniscus lens 110 having a convex surface directed toward
the image side. The biconvex positive lens .9 and the negative
meniscus lens 10 are cemented.

The second lens unit G2 includes a positive meniscus lens
L11 having a convex surface directed toward the object side,
a biconvex positive lens [.12, a biconcave negative lens .13,
a biconvex positive lens [.14, a positive meniscus lens [.15
having a convex surface directed toward the object side, a
biconvex positive lens [.16, a negative meniscus lens [.17
having a convex surface directed toward the object side, a
positive meniscus lens .18 having a convex surface directed
toward the image side, and a biconcave negative lens [.19.
The biconvex positive lens [.12, the biconcave negative lens
13, and the biconvex positive lens [.14 are cemented. A
predetermined lens unit includes the biconcave negative lens
L19.

The aperture stop S is disposed between the negative
meniscus lens [.10 and the positive meniscus lens [L11.

An aspheric surface is provided to 28 surfaces namely, both
surfaces of the biconcave negative lens L1, both surfaces of
the positive meniscus lens [.2, both surfaces of the biconvex
positive lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L5, both sur-
faces of the negative meniscus lens L6, both surfaces of the
positive meniscus lens L7, both surfaces of the biconcave
negative lens L8, both surfaces of the positive meniscus lens
L11, both surfaces of the positive meniscus lens L.15, both
surfaces of the biconvex positive lens [.16, both surfaces of
the negative meniscus lens [.17, both surfaces of the positive
meniscus lens .18, and both surfaces of the biconcave nega-
tive lens L19.

Next, an optical system according to an example 74 will be
described below. FIG. 81A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 74. Moreover, FIG. 81B,
FIG. 81C, FIG. 81D, and FIG. 81FE are aberration diagrams of
the optical system according to the example 74.

The optical system according to the example 74, as shown
in FIG. 81A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the image side, a biconvex
positive lens .4, a positive meniscus lens L5 having a convex
surface directed toward the image side, and a biconcave nega-
tive lens [L6. The positive meniscus lens [.5 and the biconcave
negative lens 1.6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a biconvex positive lens [.10, a biconcave negative lens .11,
a biconvex positive lens [.12, a negative meniscus lens [.13
having a convex surface directed toward the image side, and
a biconcave negative lens [.14. The biconcave negative lens
L7 and the biconvex positive lens .8 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.13
and the biconcave negative lens [.14.



US 9,151,937 B2

109

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 20 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens 1.9, both sur-
faces of the biconvex positive lens [.10, both surfaces of the
biconcave negative lens .11, both surfaces of the biconvex
positive lens [.12, both surfaces of the negative meniscus lens
L13, and both surfaces of the biconcave negative lens L.14.

Next, an optical system according to an example 75 will be
described below. FIG. 82A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 75. Moreover, FIG. 82B,
FIG. 82C, FIG. 82D, and FIG. 82F are aberration diagrams of
the optical system according to the example 75.

The optical system according to the example 75, as shown
in FIG. 82A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
positive meniscus lens [.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens [.4 and the biconcave negative lens L5
are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconvex positive lens 1.9, a biconcave negative lens [.10, a
biconvex positive lens [.11, a negative meniscus lens [.12
having a convex surface directed toward the image side, and
a biconcave negative lens [.13. The biconcave negative lens
L6 and the biconvex positive lens L7 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.12
and the biconcave negative lens [.13.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 18 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the biconvex positive lens L9, both surfaces
of the biconcave negative lens [.10, both surfaces of the
biconvex positive lens .11, both surfaces of the negative
meniscus lens 1,12, and both surfaces of the biconcave nega-
tive lens L13.

Next, an optical system according to an example 76 will be
described below. FIG. 83 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 76. Moreover, FIG. 83B,
FIG. 83C, FIG. 83D, and FIG. 83F are aberration diagrams of
the optical system according to the example 76.

The optical system according to the example 76, as shown
in FIG. 83 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward the image side, and a bicon-
cave negative lens L.6. The positive meniscus lens L5 and the
biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
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a biconvex positive lens [.10, a biconcave negative lens .11,
a biconvex positive lens [.12, a negative meniscus lens [.13
having a convex surface directed toward the image side, and
a biconcave negative lens [.14. The biconcave negative lens
L7 and the biconvex positive lens .8 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.13
and the biconcave negative lens [.14.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 20 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens 1.2, both surfaces of the biconcave
negative lens .3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L9, both sur-
faces of the biconvex positive lens [.10, both surfaces of the
biconcave negative lens .11, both surfaces of the biconvex
positive lens [.12, both surfaces of the negative meniscus lens
L13, and both surfaces of the biconcave negative lens L.14.

Next, an optical system according to an example 77 will be
described below. FIG. 84A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 77. Moreover, FIG. 84B,
FIG. 84C, FIG. 84D, and FIG. 84F are aberration diagrams of
the optical system according to the example 77.

The optical system according to the example 77, as shown
in FIG. 84A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward the image side, and a bicon-
cave negative lens 6. The positive meniscus lens .5 and the
biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a biconvex positive lens 110, a negative meniscus lens .11
having a convex surface directed toward the image side, a
biconvex positive lens [.12, a negative meniscus lens [.13
having a convex surface directed toward the image side, and
a biconcave negative lens [.14. The biconcave negative lens
L7 and the biconvex positive lens .8 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.13
and the biconcave negative lens [.14.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 20 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens 1.2, both surfaces of the biconcave
negative lens .3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L9, both sur-
faces of the biconvex positive lens [.10, both surfaces of the
negative meniscus lens L.11, both surfaces of the biconvex
positive lens [.12, both surfaces of the negative meniscus lens
L13, and both surfaces of the biconcave negative lens L.14.

Next, an optical system according to an example 78 will be
described below. FIG. 85A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 78. Moreover, FIG. 85B,
FIG. 85C, FIG. 85D, and FIG. 85E are aberration diagrams of
the optical system according to the example 78.

The optical system according to the example 78, as shown
in FIG. 85A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.



US 9,151,937 B2

111

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a negative meniscus lens [.3 having
a convex surface directed toward the image side, a biconvex
positive lens .4, a positive meniscus lens L5 having a convex
surface directed toward the image side, and a biconcave nega-
tive lens L.6. The positive meniscus lens L5 and the biconcave
negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a biconvex positive lens 10, a negative meniscus lens [.11
having a convex surface directed toward the image side, a
biconvex positive lens [.12, a negative meniscus lens [.13
having a convex surface directed toward the image side, and
a biconcave negative lens [.14. The biconcave negative lens
L7 and the biconvex positive lens .8 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.13
and the biconcave negative lens [.14.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 20 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the negative
meniscus lens [.3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens 1.9, both sur-
faces of the biconvex positive lens [.10, both surfaces of the
negative meniscus lens L.11, both surfaces of the biconvex
positive lens [.12, both surfaces of the negative meniscus lens
L13, and both surfaces of the biconcave negative lens L.14.

Next, an optical system according to an example 79 will be
described below. FIG. 86A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 79. Moreover, FIG. 86B,
FIG. 86C, F1G. 86D, and F1G. 86F are aberration diagrams of
the optical system according to the example 79.

The optical system according to the example 79, as shown
in FIG. 86A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a biconcave negative lens .2, a biconvex positive lens [.3, a
biconvex positive lens L4, a positive meniscus lens L5 having
a convex surface directed toward an image side, and a bicon-
cave negative lens L.6. The positive meniscus lens L5 and the
biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens .10 having a convex surface
directed toward the object side, a biconvex positive lens [L11,
a biconcave negative lens .12, and a negative meniscus lens
L.13 having a convex surface directed toward the image side.
Thebiconcave negative lens [.7 and the biconvex positive lens
L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the negative meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the biconvex positive lens [.1, an object-side sur-
face ofthe biconvex positive lens [.3, an image-side surface of
the biconvex positive lens [.4, both surfaces of the biconvex
positive lens L9, both surfaces of the negative meniscus lens
L10, both surfaces of the biconvex positive lens L.11, both
surfaces of the biconcave negative lens [.12, an both surfaces
of the negative meniscus lens [.13.

Next, an optical system according to an example 80 will be
described below. FIG. 87A is a cross-sectional view along an
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optical axis showing an optical arrangement of the optical
system according to the example 80. Moreover, FIG. 87B,
FIG. 87C, F1G. 87D, and FIG. 87F are aberration diagrams of
the optical system according to the example 80.

The optical system according to the example 80, as shown
in FIG. 87A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconcave negative lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a negative meniscus lens 110 having a convex surface
directed toward the object side, a positive meniscus lens [.11
having a convex surface directed toward the object side, a
biconcave negative lens .12, and a biconcave negative lens
L13. The biconcave negative lens [.7 and the biconvex posi-
tive lens [.8 are cemented. A predetermined lens unit includes
the biconcave negative lens [.12 and the biconcave negative
lens L13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 10 surfaces namely, an
image-side surface of the negative meniscus lens L1, an
object-side surface of the biconvex positive lens L2, both
surfaces of the biconvex positive lens [.4, both surfaces of the
biconvex positive lens L9, both surfaces of the negative
meniscus lens 110, an object-side surface of the positive
meniscus lens L11, and an image-side surface of the bicon-
cave negative lens [.13.

Next, an optical system according to an example 81 will be
described below. FIG. 88A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 81. Moreover, FIG. 88B,
FIG. 88C, FIG. 88D, and FIG. 88E are aberration diagrams of
the optical system according to the example 81.

The optical system according to the example 81, as shown
in FIG. 88A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens [.4, a biconvex positive lens L5, and a
biconcave negative lens L6. The biconvex positive lens L5
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
apositive meniscus lens [.10 having a convex surface directed
toward the object side, a negative meniscus lens .11 having a
convex surface directed toward the object side, a positive
meniscus lens 112 having a convex surface directed toward
the object side, and a biconcave negative lens [.13. The bicon-
cave negative lens 1.7 and the biconvex positive lens [.8 are
cemented. A predetermined lens unit includes the biconcave
negative lens [.13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the biconcave negative lens [.7.

An aspheric surface is provided to 12 surfaces namely, an
image-side surface of the negative meniscus lens L1, an
object-side surface of the biconvex positive lens L2, both
surfaces of the biconvex positive lens [.4, both surfaces of the
biconvex positive lens 1.9, both surfaces of the positive menis-
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cus lens [.10, both surfaces of the negative meniscus lens [L11,
an object-side surface of the positive meniscus lens .12, and
an image-side surface of the biconcave negative lens [.13.

Next, an optical system according to an example 82 will be
described below. FIG. 89A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 82. Moreover, FIG. 89B,
FIG. 89C, FIG. 89D, and F1G. 89E are aberration diagrams of
the optical system according to the example 82.

The optical system according to the example 82, as shown
in FIG. 89A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens .4, a biconvex positive lens L5, and a
biconcave negative lens L.6. The biconvex positive lens LS
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a biconcave negative lens
L7, a biconvex positive lens L8, a biconvex positive lens L9,
a biconcave negative lens 110, a positive meniscus lens [.11
having a convex surface directed toward the object side, and
a biconcave negative lens [.12. The biconcave negative lens
L7 and the biconvex positive lens .8 are cemented. A prede-
termined lens unit includes the biconcave negative lens [.12.

The aperture stop S is disposed between the biconcave
negative lens .6 and the biconcave negative lens [.7.

An aspheric surface is provided to 10 surfaces namely, an
image-side surface of the negative meniscus lens 11, an
object-side lens of the biconvex positive lens [.2, both sur-
faces of the biconvex positive lens .4, both surfaces of the
biconvex positive lens 1.9, both surfaces of the biconcave
negative lens [10, an object-side surface of the positive
meniscus lens L11, and an image-side surface of the bicon-
cave negative lens [.12.

Next, an optical system according to an example 83 will be
described below. FIG. 90A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 83. Moreover, FIG. 90B,
FIG. 90C, FI1G. 90D, and FIG. 90E are aberration diagrams of
the optical system according to the example 83.

The optical system according to the example 83, as shown
in FIG. 90A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconcave negative lens L3, a
biconvex positive lens 1.4, a biconvex positive lens L5, a
biconvex positive lens L6, and a biconcave negative lens L7.
The biconvex positive lens 1.6 and the biconcave negative lens
L7 are cemented.

The second lens unit G2 includes a biconcave negative lens
L8, a biconvex positive lens 1.9, a biconvex positive lens [.10,
a biconvex positive lens [.11, a negative meniscus lens .12
having a convex surface directed toward the image side, a
biconvex positive lens [.13, a negative meniscus lens [.14
having a convex surface directed toward the image side, and
a biconcave negative lens [.15. The biconcave negative lens
L8 and the biconvex positive lens L9 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.14
and the biconcave negative lens [.15.

The aperture stop S is disposed between the biconcave
negative lens [.7 and the biconcave negative lens [.8.

An aspheric surface is provided to 22 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
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biconvex positive lens 1.2, both surfaces of the biconcave
negative lens .3, both surfaces of the biconvex positive lens
L4, both surfaces of the biconvex positive lens L5, both sur-
faces of the biconvex positive lens [.10, both surfaces of the
biconvex positive lens .11, both surfaces of the negative
meniscus lens [.12, both surfaces of the biconvex positive lens
L13, both surfaces of the negative meniscus lens [.14, and
both surfaces of the biconcave negative lens [.15.

Next, an optical system according to an example 84 will be
described below. FIG. 91A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 84. Moreover, FIG. 91B,
FIG. 91C, FIG. 91D, and FIG. 91F are aberration diagrams of
the optical system according to the example 84.

The optical system according to the example 84, as shown
in FIG. 91A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconvex positive lens L1,
a negative meniscus lens .2 having a convex surface directed
toward an image side, a positive meniscus lens [.3 having a
convex surface directed toward the image side, and a negative
meniscus lens [.4 having a convex surface directed toward the
object side. The biconvex positive lens [.1 and the negative
meniscus lens L2 are cemented.

The second lens unit G2 includes a biconvex positive lens
L5, abiconcave negative lens 1.6, a negative meniscus lens [.7
having a convex surface directed toward the image side, a
positive meniscus lens 1.8 having a convex surface directed
toward the object side, a positive meniscus lens 1.9 having a
convex surface directed toward the image side, and a negative
meniscus lens 110 having a convex surface directed toward
the object side. A predetermined lens unit includes the nega-
tive meniscus lens L10.

The aperture stop S is disposed between the negative
meniscus lens [.4 and the biconvex positive lens [.5. More
elaborately, the aperture stop S is disposed between a vertex
of'an object-side surface of the biconvex positive lens L5 and
a vertex of an image-side surface of the biconvex positive lens
L5.

An aspheric surface is provided to 16 surfaces namely, both
surface of the positive meniscus lens 1.3, both surfaces of the
negative meniscus lens L4, both surfaces of the biconvex
positive lens L5, both surfaces of the biconcave negative lens
L6, both surfaces of the negative meniscus lens 1.7, both
surfaces of the positive meniscus lens L8, both surfaces of the
positive meniscus lens [.9, and both surfaces of the negative
meniscus lens L10.

Next, an optical system according to an example 85 will be
described below. FIG. 92A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 85. Moreover, FIG. 92B,
FIG. 92C, F1G. 92D, and FIG. 92F are aberration diagrams of
the optical system according to the example 85.

The optical system according to the example 85, as shown
in FIG. 92A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
biconvex positive lens .4, and a biconcave negative lens LS.
The biconvex positive lens [.4 and the biconcave negative lens
L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconcave negative lens [.9, a biconvex positive lens [.10,
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and a negative meniscus lens [.11 having a convex surface
directed toward the object side. The biconcave negative lens
L6 and the biconvex positive lens L7 are cemented. A prede-
termined lens unit includes the negative meniscus lens [L11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the biconcave negative lens 1.9, both surfaces
of the biconvex positive lens .10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 86 will be
described below. FIG. 93 A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 86. Moreover, FIG. 93B,
FIG. 93C, FIG. 93D, and FI1G. 93E are aberration diagrams of
the optical system according to the example 86.

The optical system according to the example 86, as shown
in FIG. 93 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
positive meniscus lens [.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens [.4 and the biconcave negative lens L5
are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconcave negative lens [.9, a biconvex positive lens [.10,
and a negative meniscus lens [.11 having a convex surface
directed toward the object side. The biconcave negative lens
L6 and the biconvex positive lens L7 are cemented. A prede-
termined lens unit includes the negative meniscus lens [L11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the biconcave negative lens 1.9, both surfaces
of the biconvex positive lens .10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 87 will be
described below. FIG. 94A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 87. Moreover, FIG. 94B,
FIG. 94C, F1G. 94D, and F1G. 94E are aberration diagrams of
the optical system according to the example 87.

The optical system according to the example 87, as shown
in FIG. 94 A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
positive meniscus lens [.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens [.4 and the biconcave negative lens L5
are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
anegative meniscus lens L9 having a convex surface directed
toward the image side, a positive meniscus lens [.10 having a
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convex surface directed toward the image side, and a negative
meniscus lens 11 having a convex surface directed toward
the object side. The biconcave negative lens 1.6 and the bicon-
vex positive lens [.7 are cemented. A predetermined lens unit
includes the negative meniscus lens [.11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L6.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the negative meniscus lens 1.9, both surfaces
of the positive meniscus lens [.10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 88 will be
described below. FIG. 95A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 88. Moreover, FIG. 95B,
FIG. 95C, F1G. 95D, and FIG. 95E are aberration diagrams of
the optical system according to the example 88.

The optical system according to the example 88, as shown
in FIG. 95A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
positive meniscus lens 1.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens [.4 and the biconcave negative lens L5
are cemented.

The second lens unit G2 includes a negative meniscus lens
L6 having a convex surface directed toward the object side, a
biconvex positive lens 1.7, a biconvex positive lens L8, a
negative meniscus lens .9 having a convex surface directed
toward the image side, a positive meniscus lens .10 having a
convex surface directed toward the image side, and a negative
meniscus lens 11 having a convex surface directed toward
the object side. The negative meniscus lens [.6 and the bicon-
vex positive lens [.7 are cemented. A predetermined lens unit
includes the negative meniscus lens [.11.

The aperture stop S is disposed between the biconcave
negative lens L5 and the negative meniscus lens L6. More
elaborately, the aperture stop is disposed between a vertex of
an object-side surface of the biconcave negative lens [.5 and
a vertex of an image-side surface of the biconcave negative
lens LS.

An aspheric surface is provided to 14 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the negative meniscus lens 1.9, both surfaces
of the positive meniscus lens [.10, and both surfaces of the
negative meniscus lens [L11.

Next, an optical system according to an example 89 will be
described below. FIG. 96A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 89. Moreover, FIG. 96B,
FIG. 96C, F1G. 96D, and FIG. 96F are aberration diagrams of
the optical system according to the example 89.

The optical system according to the example 89, as shown
in FIG. 96A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a biconvex positive lens 1.3, a
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positive meniscus lens [.4 having a convex surface directed
toward the image side, and a biconcave negative lens L.5. The
positive meniscus lens 1.4 and the biconcave lens L5 are
cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconvex positive lens [.9, a negative meniscus lens 10
having a convex surface directed toward the image side, a
positive meniscus lens [.11 having a convex surface directed
toward the image side, and a negative meniscus lens [.12
having a convex surface directed toward the object side. The
biconcave negative lens 1.6 and the biconvex positive lens 1.7
are cemented. A predetermined lens unit includes the negative
meniscus lens [L12.

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

An aspheric surface is provided to 16 surfaces namely, both
surfaces of the negative meniscus lens L1, both surfaces of the
biconvex positive lens L2, both surfaces of the biconvex posi-
tive lens L3, both surfaces of the biconvex positive lens L8,
both surfaces of the biconvex positive lens L9, both surfaces
of the negative meniscus lens 110, both surfaces of the posi-
tive meniscus lens 11, and both surfaces of the negative
meniscus lens [L12.

Next, an optical system according to an example 90 will be
described below. FIG. 97A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 90. Moreover, FIG. 97B,
FIG. 97C,FIG. 97D, and F1G. 97E are aberration diagrams of
the optical system according to the example 90.

The optical system according to the example 90, as shown
in FIG. 97A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens 14, a positive meniscus lens L5
having a convex surface directed toward an image side, and a
biconcave negative lens L.6. The biconcave negative lens L1
and the biconvex positive lens L2 are cemented. Moreover,
the biconvex positive lens 14, the positive meniscus lens L5,
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens 1.8, a biconvex positive lens 1.9, a
biconcave negative lens [.10, a biconvex positive lens .11, a
biconcave negative lens [.12, and a positive meniscus lens
L.13 having a convex surface directed toward the object side.
The negative meniscus lens 1.7 and the biconvex positive lens
L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the positive meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

No aspheric surface is used.

Next, an optical system according to an example 91 will be
described below. FIG. 98A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 91. Moreover, FIG. 98B,
FIG. 98C, F1G. 98D, and F1G. 98E are aberration diagrams of
the optical system according to the example 91.

The optical system according to the example 91, as shown
in FIG. 98A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
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a biconvex positive lens L4, a positive meniscus lens L5
having a convex surface directed toward an image side, and a
biconcave negative lens L6. The biconcave negative lens L1
and the biconvex positive lens L2 are cemented. Moreover,
the biconvex positive lens 14, the positive meniscus lens L5,
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens 1.8, a biconvex positive lens 1.9, a
biconcave negative lens [.10, a biconvex positive lens .11, a
biconcave negative lens .12, and a positive meniscus lens
L13 having a convex surface directed toward the object side.
The negative meniscus lens 1.7 and the biconvex positive lens
L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the positive meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

No aspheric surface is used.

Next, an optical system according to an example 92 will be
described below. FIG. 99A is a cross-sectional view along an
optical axis showing an optical arrangement of the optical
system according to the example 92. Moreover, FIG. 99B,
FIG. 99C, F1G. 99D, and FIG. 99E are aberration diagrams of
the optical system according to the example 92.

The optical system according to the example 92, as shown
in FIG. 99A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward an image side, a
positive meniscus lens 1.2 having a convex surface directed
toward the image side, a biconvex positive lens [.3, a positive
meniscus lens [.4 having a convex surface directed toward the
object side, a biconvex positive lens L5, and a biconcave
negative lens L.6. The negative meniscus lens [.1 and the
positive meniscus lens [.2 are cemented. Moreover, the bicon-
vex positive lens L5 and the biconcave negative lens .6 are
cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens 1.8, a biconvex positive lens 1.9, a
negative meniscus lens .10 having a convex surface directed
toward the object side, a biconvex positive lens L.11, and a
negative meniscus lens .12 having a convex surface directed
toward the object side. The negative meniscus lens .7 and the
biconvex positive lens 1.8 are cemented. A predetermined lens
unit includes the negative meniscus lens L12.

The aperture stop S is disposed between the biconcave
negative lens 1.6 and the negative meniscus lens L7.

No aspheric surface is used.

Next, an optical system according to an example 93 will be
described below. FIG. 100A is a cross-sectional view along
an optical axis showing an optical arrangement of the optical
system according to the example 93. Moreover, FIG. 100B,
FIG. 100C, FIG. 100D, and FIG. 100E are aberration dia-
grams of the optical system according to the example 93.

The optical system according to the example 93, as shown
in FIG. 100A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a biconcave negative lens
L1, a biconvex positive lens L2, a biconvex positive lens L3,
a biconvex positive lens L4, a positive meniscus lens L5
having a convex surface directed toward an image side, and a
biconcave negative lens L6. The biconcave negative lens L1
and the biconvex positive lens L2 are cemented. Moreover,
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the biconvex positive lens 14, the positive meniscus lens L5,
and the biconcave negative lens L6 are cemented.

The second lens unit G2 includes a negative meniscus lens
L7 having a convex surface directed toward the object side, a
biconvex positive lens 1.8, a biconvex positive lens 1.9, a
biconcave negative lens [.10, a biconvex positive lens .11, a
biconcave negative lens [.12, and a positive meniscus lens
L.13 having a convex surface directed toward the object side.
The negative meniscus lens 1.7 and the biconvex positive lens
L8 are cemented. A predetermined lens unit includes the
biconcave negative lens .12 and the positive meniscus lens
L13.

The aperture stop S is disposed between the biconcave
negative lens L6 and the negative meniscus lens L7.

No aspheric surface is used.

Next, an optical system according to an example 94 will be
described below. FIG. 101A is a cross-sectional view along
an optical axis showing an optical arrangement of the optical
system according to the example 94. Moreover, FIG. 101B,
FIG. 101C, FIG. 101D, and FIG. 101E are aberration dia-
grams of the optical system according to the example 94.

The optical system according to the example 94, as shown
in FIG. 1014, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an image side, a
positive meniscus lens 1.2 having a convex surface directed
toward the image side, a positive meniscus lens L3 having a
convex surface directed toward the object side, a biconvex
positive lens .4, and a biconcave negative lens L5. The bicon-
vex positive lens [.4 and the biconcave negative lens L5 are
cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a biconcave negative lens [.9, a biconvex positive lens [.10,
and a negative meniscus lens [.11 having a convex surface
directed toward the object side. The biconcave negative lens
L6 and the biconvex positive lens L7 are cemented. A prede-
termined lens unit includes the negative meniscus lens [.11,

The aperture stop S is disposed between the biconcave
negative lens L5 and the biconcave negative lens L.6.

No aspheric surface is used.

Next, an optical system according to an example 95 will be
described below. FIG. 102A is a cross-sectional view along
an optical axis showing an optical arrangement of the optical
system according to the example 95. Moreover, FIG. 102B,
FIG. 102C, FIG. 102D, and FIG. 102E are aberration dia-
grams of the optical system according to the example 95.

The optical system according to the example 95, as shown
in FIG.102A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens L1
having a convex surface directed toward an image side, a
biconvex positive lens .2, a diffractive optical element DL, a
biconvex positive lens [.3, and a negative meniscus lens 1.4
having a convex surface directed toward the image side. The
biconvex positive lens .3 and the negative meniscus lens [.4
are cemented.

The second lens unit G2 includes a biconcave negative lens
L5, a biconvex positive lens L6, a biconvex positive lens L7,
a negative meniscus lens L8 having a convex surface directed
toward the object side, a biconvex positive lens 1.9, a negative
meniscus lens [.10 having a convex surface directed toward
the object side, and a biconcave negative lens [.11. The bicon-
cave negative lens L5 and the biconvex positive lens L6 are
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cemented. A predetermined lens unit includes the negative
meniscus lens .10 and the biconcave negative lens L11.

The diffractive optical element DL has a negative refractive
power as awhole. The diffractive optical element DL includes
a negative meniscus lens having a convex surface directed
toward the image side and a biconcave negative lens. A relief
pattern is formed at an interface of the negative meniscus lens
and the biconcave negative lens, and the interface is let to be
a diffractive surface.

The aperture stop S is disposed between the negative
meniscus lens [.4 and the biconcave negative lens L5.

An aspheric surface is provided to eight surfaces namely,
an image-side surface of the positive meniscus lens .1, an
object-side surface of the biconvex positive lens L2, both
surfaces of the biconvex positive lens [.7, both surfaces of the
negative meniscus lens [.8, an object-side surface of the
biconvex positive lens 1.9, and an image-side surface of the
biconcave negative lens L.11.

Next, an optical system according to an example 96 will be
described below. FIG. 103A is a cross-sectional view along
an optical axis showing an optical arrangement of the optical
system according to the example 96. Moreover, FIG. 103B,
FIG. 103C, FIG. 103D, and FIG. 103E are aberration dia-
grams of the optical system according to the example 96.

The optical system according to the example 96, as shown
in FIG. 103A, includes in order from an object side, a first lens
unit G1 having a positive refractive power, an aperture stop S,
and a second lens unit G2 having a positive refractive power.

The first lens unit G1 includes a positive meniscus lens .1
having a convex surface directed toward an image side, a
biconvex positive lens 1.2, a positive meniscus lens 1.3 having
a convex surface directed toward the image side, a diffractive
optical element DL, a biconvex positive lens [.4, and a nega-
tive meniscus lens L5 having a convex surface directed
toward the image side. The biconvex positive lens [.4 and the
negative meniscus lens [L5 are cemented.

The second lens unit G2 includes a biconcave negative lens
L6, a biconvex positive lens L7, a biconvex positive lens L8,
a negative meniscus lens 1.9 having a convex surface directed
toward the object side, a biconvex positive lens .10, a bicon-
cave negative lens .11, and a negative meniscus lens [.12
having a convex surface directed toward the image side. The
biconcave negative lens .6 and the biconvex positive lens 1.7
are cemented. A predetermined lens unit includes the bicon-
cave negative lens .11 and the negative meniscus lens [.12.

The diffractive optical element DL has a negative refractive
power as awhole. The diffractive optical element DL includes
a negative meniscus lens having a convex surface directed
toward the image side and a biconcave negative lens. A relief
pattern is formed at an interface of the negative meniscus lens
and the biconcave negative lens, and the interface is let to be
a diffractive surface.

The aperture stop S is disposed between the negative
meniscus lens [.5 and the biconcave negative lens L6.

An aspheric surface is provided to eight surfaces namely,
an image-side surface of the positive meniscus lens .1, an
object-side surface of the biconvex positive lens L2, both
surfaces of the biconvex positive lens [.8, both surfaces of the
negative meniscus lens L9, an object-side surface of the
biconvex positive lens .10, and an image-side surface of the
negative meniscus lens [.12.

Next, numerical data of optical components comprising the
image pickup optical system of each above example are
shown. In numerical data of each example, r1,r2, . . . denotes
a curvature radius of each lens surface, d1, d2, . . . denotes a
thickness of each lens or an air distance between adjacent lens
surfaces, nd1, nd2, . . . denotes a refractive index of each lens
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for d-line, v1, vd2, . . . denotes an Abbe number of each -continued
lens, * denotes an aspheric surface, focal length denotes a
focal length of an overall optical system, fb denotes a back Unit mm
focus, NA denotes a.numerlcal aperture? on the. object side, th surface
NA' denotes a numerical aperture on an image side. The lens 3
total length is the distance from the frontmost lens surface to k=-2.549
A4 = -5.11751E-005, A6 = 2.59016E-005, A8 = -4.23106E-006
the rearmost lens surface plus back focus. Further, back focus Sth surface
is a unit which is expressed upon air conversion of a distance
from the lens backmost surface to a paraxial image surface. k=-41.834
. . .10 A4 = 1.16926E-003, A6 = 4.04202E-005, A8 = 5.90751E-007
A she.lpe ofan aspherl.c sul.’face is deﬁneq by the? fqllowmg 6th surface
expression where the direction of the optical axis is repre-
sented by z, the direction orthogonal to the optical axis is k=-10.826
represented by y, a conical coefficient is represented by K, Ad = 1.20017E-003, A6 = ~1.67324E-004, A8 = 1.00681E-005
. . 7th surface
aspheric surface coefficients are represented by A4, A6, A8, .
Al10,A12, Al4, k=-323.372
A4 = -1.33721E-003, A6 = ~7.57104E-005
8th surface
172
Z=0 /Ll - A+ 0/ + k=-56.057
A4 = 5.62466E-004, A6 = 2.31800E-005
Ady* £ A6Y° + ABY® + ALY + A12y12 4 AL4y!t 20 Oth surface
k=-8574
Further, E or e stands for exponent of ten. These symbols ?Slth: 8;15016572]3_004’ A6 = 7.85879E-006
are commonly used in the following numerical data for each
example. 23 k=-3367.122
A4 = -1.08162E-003
12th surface
Example 1
k=-3367.122
A4 = 1.08162E-003
30 13th surface
Unit mm k=-8.574
Surface data A4 = 4.31572E-004, A6 = -7.85879E-006
14th surface
Surface no. T d nd vd 35
k=-56.057
Object plane @ 10.00 Ad = -5.62466E-004, A6 = ~2.31800E-005
1* 56.907 299  1.53368 55.90 15th surface
2% -4.184  0.89
3% 5571 208 1.63490 23.88 k=-323.372
4 2582 178 40 A4 = 1.33721E-003, A6 = 7.57104E-005
5% -12.567  1.55  1.53368 55.90 16th surface
6* -9471 0.6
7 -81.714 1.3 1.61417 25.64 k=-10.826
8: 16.993 1.27 Ad = -1.20017E-003, A6 = 1.67324E-004, A8 = ~1.00681E-005
9 10.146  0.89  1.53368 55.90 17th surface
10% 2551.254  0.05
45
gismp) —255017 254 8.33 1.53368 55.90 k=-41.834
13+ Tlo146 127 A4 = ~1.16926E-003, A6 = ~4.04202E-005, A8 = -5.90751E-007
14% -16993 153 1.61417 25.64 18th surface
15% 81.714  0.16
16* 9471 155  1.53368 55.90 k=-2.549
17% 12567 178 50 A4 = 5.11751E-005, A6 = -2.59016E-005, A8 = 4.23106E-006
18* -2.582 208  1.63490 23.88 19th surface
19% -5.571  0.89
20* 4184 299  1.53368 55.90 k=-0.820
21* -56.907  10.00 A4 = 3.68418E-004, A6 = —1.23021 E-006, A8 = 1.91476E-007
Image plane @ 20th surface
55
Aspherical surface data k=-3.546
A4 = 1.17216E-004, A6 = 3.40925E-006, A8 = 7.12080E-008
Lst surface 21th surface
11:: :957(%.2461342E—004 A6 = -1.89989E-005, A8 = 7.41491E-008 k=-971.414
e O o 60 Ad = -5.02632E-004, A6 = 1.89989E-005, A8 = -7.41491E-008
2nd surface
k = —3.546 Various data
A4 = -1.17216E-004, A6 = -3.40925E-006, A8 = ~7.12080E-008
3rd surface Focal length 103.95
Image height 3.00
k=-0.820 65 Object height 3.00
Ad = -3.68418E-004, A6 = 1.23021E-006, A8 = ~1.91476E-007 fb (in air) 10.00
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-continued -continued
Unit mm Unit mm
9th surface
Lens total length (in air) 36.40 5
NA 025 k=-8.574
A4 =-4.31572E-004, A6 = 7.85879E-006
NA’ 0.25 10th surface
k=-3367.122
10 A4 =-1.08162E-003
12th surface
Example 2
k=-1.000
A4 =1.01390E-003
13th surface
15
Unit mm k=-34.706
A4 =1.53163E-004, A6 = -3.32586E-005
Surface data 14th surface
Surface no. T d nd vd k=-115.470
- 20 A4 =-3.35747E-004, A6 = -6.40043E-005, A8 = -2.43136E-006
Object plane © 10.00 15th surface
1* 56.907 2.99 1.53368 55.90
2% -4.184 0.89 k =-3938.246
3% 5.571 2.08 1.63490 23.88 A4 =3.76944E-004, A6 = 7.29277E-005, A8 = -4.82792E-007
4% 2.582 1.78 16th surface
5% -12.567 1.55 1.53368 55.90
6* -9.471 0.16 25 k=-8.155
7* -81.714 1.53 1.61417 25.64 A4 =-1.45390E-003, A6 = 1.19689E-004, A8 = -4.23958E-006
8% 16.993 1.27 17th surface
o* 10.146 0.89 1.53368 55.90
10%* 2551.254 0.05 k =-54.092
11(Stop) w 0.05 Ad = -1.43817E-003, A6 = -4.56510E-005, A8 = -9.34587E-007
12% -2755.354  0.88  1.53368 55.90 30 18th surface
13* -10.197 1.27
14% -17.162 1.52 1.61417 25.64 k=-2.544
15% 80.905 0.16 A4 =-2.21738E-004, A6 = -1.23369E-005, A8 = 1.78875E-006
16% 9.945 151 1.53368 55.90 19th surface
17* 13.196 1.78
18* -2.579 2.10 1.63490 23.88 35 k=-0.962
19* -5.515 0.89 A4 =5.90516E-004, A6 = -9.40093E-007, A8 = 2.83619E-007
20% 4.205 3.01 1.53368 55.90 20th surface
21%* -52.429 9.95
Image plane o k=-3.386
A4 =-5.94157E-004, A6 = -2.05054E-005, A8 = -1.51161E-007
Aspherical surface data 40 21th surface
1st surface k =-997.069
A4 =-1.39558E-003, A6 = 3.03292E-008, A8 = -2.09782E-007
k=-971.414
A4 =5.02632E-004, A6 = -1.89989E-005, A8 = 7.41491E-008 Various data
2nd surface
45 Focal length 117.54
k=-3.546 Image height 3.00
A4 =-1.17216E-004, A6 = -3.40925E-006, A8 = -7.12080E-008 Object height 3.04
3rd surface fb (in air) 9.95
Lens total length (in air) 36.31
k=-0.820 NA 0.25
A4 =-3.68418E-004, A6 = 1.23021E-006, A8 = -1.91476E-007 50 NA' 0.25
4th surface
k=-2.549
A4 =-5.11751E-005, A6 = 2.59016E-003, A8 = —4.23106E-006 Example 3
5th surface
55
k=-41.834
A4 =1.16926E-003, A6 = 4.04202E-005, A8 = 5.90751E-007
6th surface Unit mm
k=-10.826 Surface data
A4 =1.20017E-003, A6 = -1.67324E-004, A8 = 1.00681E-005
7th surface 60 Surface no. T d nd vd
k=-323.372 Object plane @ 10.00
A4 =-1.33721E-003, A6 = -7.57104E-005 1* 24.287 3.82 1.53368 55.90
8th surface 2% -8.002 0.24
3% -41.811 1.65 1.53368 55.90
k=-56.057 65 4% -5.934 0.10
A4 =5.62466E-004, A6 = 2.31800E-005 5% 5.062 1.71 1.63490 23.88
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-continued -continued
Unit mm Unit mm
6* 2.521 246 15th surface
T* -5.494 1.55 1.53368 55.90 5
8* —8.447 0.84 k=-11.820
9* -19.714 1.55 1.61417 25.64 A4 =1.83703E-003, A6 = -5.10296E-005
10%* 62.109 0.30 16th surface
11* 8.611 1.45 1.53368 55.90
12%* 83.241 0.10 k=-112.335
13(Stop) @ 0.10 10 A4 =4.38857E-004, A6 =-7.19917E-005
14* -83.241 1.45 1.53368 55.90 17th surface
15% -8.611 0.30
16* -62.109 1.55 1.61417 25.64 k =-144.855
17* 19.714 0.84 A4 =1.30120E-003, A6 = 1.92446E-004
18* 8.447 1.55 1.53368 55.90 18th surface
19% 5.494 2.46 15
20% -2.521 1.71 1.63490 23.88 k=-29.993
21% -5.062 0.10 A4 =-231315E-003, A6 =2.67174E-004, A8 = -8.20378E-006
22% 5.934 1.65 1.53368 55.90 19th surface
23* 41.811 0.24
24* 8.002 3.82 1.53368 55.90 k=-13.090
25% —24.287 10.00 20 A4 =-291976E-003, A6 = 9.94891E-005, A8 = -3.38774E-006
Image plane @ 20th surface
Aspherical surface data k=-2.293
A4 =1.77915E-003
1st surface 21th surface
k=-38.162 25 k=-2.669
A4 =2.16640E-004, A6 =-1.95771E-005 A4 =6.29227E-004
2nd surface 22th surface
k=0.297 k=-8.215
A4 =1.77235E-004 A4 =-3.34614E-004, A6 = 1.45043E-005
3rd surface 30 23th surface
k=51.696 k=51.696
A4 =-7.96667E-005 A4 =7.96667E-005
4th surface 24th surface
k=-8215 35 k=0.297
A4 =3.34614E-004, A6 = -1.45043E-005 A4 =-1.77235E-004
5th surface 25th surface
k=-2.669 k=-38.162
A4 =-6.29227E-004 A4 =-2.16640E-004, A6 = 1.95771E-005
6th surface 40
Various data
k=-2.293
A4 =-1.77915E-003 Focal length -66.52
7th surface Image height 3.00
Object height 3.00
k =—13.090 45 b (in air) o 10.00
A4 =2.91976E-003, A6 = —9.94891E-005, A8 = 3.38774E-006 Lens total length (in air) 41.51
8th surface NA 0.25
NA' 0.25
k=-29.993
A4 =231315E-003, A6 =-2.67174E-004, A8 = 8.20378E-006
9th surface 50 Example 4
k =-144.855
A4 =-1.30120E-003, A6 = -1.92446E-004
10th surface
Unit mm
k=-112.335 55
A4 = -4.38857E-004, A6 = 7.19917E-005 Surface data
11th surface
Surface no. T d nd vd
k=-11.820
Object plane @ 10.00
A4 = -1.83703E-003, A6 = 5.10296E-005 1;1 P 118,590 3o 153368 55.00
12th surface 60 P _4.253 1.22
3* 5.650 2.03 1.63490 23.88
Ad = -2.26937E-003 5% -12.289 126 1.53368 55.90
14th surface 6* -10.692 0.42
T* 2017.727 0.75 1.61417 25.64
k =-992.499 65 g* 18.173 0.91
A4 =2.26937E-003 9* 9.307 1.21 1.53368 55.90
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-continued -continued
Unit mm Unit mm
10* -1637.972 0.05 16th surface
11(Stop) w 0.05 5
12% 1637.972 1.21  1.53368 55.90 k=-10.478
13* -9.307 0.91 A4 = -1.17511E-003, A6 = 2.78573E-004, A8 = —1.44945E-005
14* -18.173 075  1.61417 25.64 17th surface
15% -2017.727 0.42
16* 10.692 126  1.53368 55.90 k =-40.369
17* 12.289 2.12 10 A4 = —1.42420E-004, A6 = 3.86408E—005, A8 = —~7.11239E-006
18% -2.552 1.28  1.63490 23.88 18th surface
19% -4.995 0.20
20% -8.574 173 1.61417 25.64 k=-2.482
21% -10.336 0.27 A4 = B.AT704E-004, A6 = —1.73683E-005
22 4.253 322 1.53368 55.90 19th surface
23%* -118.590  10.00 15
Image plane @ k=-1.007
A4 = 1.61790E-003, A6 = —3.90652E-005
Aspherical surface data 20th surface
1st surface k=-5877
20 A4 =7.79125E-004, A6 = —1.32507E-005
k= —8136.470 21th surface
A4 = 5.71134E-004, A6 = —=2.00614E—-005 k= —1.068
2nd surface Ad = 5.79930E-004, A6 = 8.86427E-007
22th surface
k=-3.272
A4 = 9.59493E-005, A6 = —1.26826E—-005 25 k=-3272
3rd surface A4 = -9.59493E-005, A6 = 1.26826E—-005
23th surface
k=-1.068
A4 = -5.23801E-004 k =-8136.470
4th surface A4 = -5.71134E-004, A6 = 2.00614E—-005
30
k=-2.48 Various data
?;1 ;un?a.Z;MmE 004 Focal length 60.48
Image height 3.00
K = —40.360 Objlect height 3.00
35 b (in air) 10.00
A4 = 1.42420E-004, A6 = —3.86408E—005, A8 = 7.11239E-006 Lens total length (in air) 36.64
6th surface NA 0.25
NA' 0.25
k=-10.478
A4 =1.17511E-003, A6 = —2.78573E-004, A8 = 1.44945E-005
7th surface 40
Example 5
k =-29.482
A4 = —1.47024E-003, A6 = —9.25880E-005
8th surface
k=-73.068 45 Unit mm
A4 = 2.28159E-004, A6 = 2.12332E-005
’ Surface data
9th surface
Surface no. T d nd vd
k=-8.721
A4 = -3.04856E-004, A6 = 1.03002E-005 Object plane « 10.00
10th surface 50 * 156.483 297  1.53368 55.90
2% -4.185 0.64
k =-9998.897 3 5.631 224 1.63490 22.53
A4 = -9.87805E-004 4% 2.482 2.06
12th surface 5% -12.289 1.26  1.53368 55.90
6* -10.692 0.30
k = —9998.897 55 7t 749.711 075  1.61417 26.36
A4 = 9.87805E-004 8* 20875 091
13th surface o* 9.307 121 1.53368 55.90
10% -1637.972 0.05
k=-8.721 gismp) 163°; 972 ?Igi 1.53368 55.90
A4 = 3.04856E-004, A6 = —1.03002E-005 L " 9307 036 : :
14th surface 60 14% “16779 162 1.61417 29.34
15% -107.079 0.10
k=-73.068 16* 10,692  1.26  1.53368 55.90
A4 =-2.28159E-004, A6 =-2.12332E-005 17% 12.289 2.12
15th surface 18% -6.330 213 1.63490 23.88
19% -4.032 0.20
k =-29.482 65 20% -3.868 1.91  1.58366 31.95
A4 = 1.47024E-003, A6 = 9.25880E-005 21% 11.399 1.30
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-continued -continued
Unit mm Unit mm
22% 4.898 4.02 1.53368 55.90 19th surface
23% -20.043 1815 5
Image plane @ k=-1.068
A4 =2.63204E-003, A6 =-1.24324E-004
Aspherical surface data 20th surface
1st surface k=-2.596
10 A4 =3.85952E-003, A6 =-1.23399E-004
k=-9921.522 21th surface
A4 =5.99647E-004, A6 = -2.35081E-005, A8 =-3.20796E-007
2nd surface k=-50.829
A4 =9.71515E-004, A6 = -1.03384E-005
k=-3.735 22th surface
A4 =-2.94840E-005, A6 = -9.87589E-006, A8 = -3.04656E-007 15
3rd surface k=-5.617
A4 =-9.26264E-005, A6 =-1.51831E-005, A8 = 2.25669E-007
k=-1.357 23th surface
A4 =-7.07427E-004, A6 = 1.47946E-006, A8 = 1.15313E-007
4th surface k=-1.000
20 A4 =-4.00926E-004, A6 = -3.90604E-006, A8 = -5.44114E-008
k=-2.659
A4 =-798462E-004, A6 = -2.43747E-005, A8 = 5.79988E-007 Various data
5th surface
Focal length 26.53
k =-40.369 Image height 5.00
A4 =1.42420E-004, A6 = -3.86408E-005, A8 =7.11239E-006 25 Object height 2.99
6th surface b (in air) 18.15
Lens total length (in air) 46.84
k=-10.478 NA 0.25
A4 =1.17511E-003, A6 = -2.78573E-004, A8 = 1.44945E-005 NA' 0.15
7th surface
30
k=-2.268
A4 =-1.14080E-004, A6 = —1.24060E-004, A8 = -2.30974E-006
8th surface Example 6
k=-31.531
A4 =4.20068E-004, A6 = 7.16535E-005, A8 = -5.41984E-006 33
9th surface Unit mm
k=-8.721 Surface data
A4 =-3.04856E-004, A6 = 1.03002E-005
10th surface 40 Surface no. T d nd vd
k = -9998.897 Object plane @ 1.21
A4 = —9.87805E-004 1* -0.784 0.48 1.53071 55.78
12th surface 2% -130.797 0.05
3* 0.642 0.59 1.53071 55.78
4% 2.354 0.49
k=-9998.897 45 5* -2.684 0.29 1.63490  23.88
A4 =9.87805E-004 «
13th surface 6 17.387 0.04
T* 2.980 0.70 1.53071 55.78
8* -1.789 -0.11
k=-8.721 9(Stop) ® 0.21
A4 = 3.04856E-004, A6 = ~1.03002E-003 L0* 1410 0.54 153463 56.92
14th surface 50 11* -25.302 0.05
12%* -63.214 0.30 1.63490 23.88
k=-70.427 13* 2.768 0.71
A4 =1.69673E-004, A6 =-2.70114E-005, A8 = 1.08912E-007 14* -2.355 0.65 1.53463 56.22
15th surface 15% -0.912 0.13
16* -251.493 0.59 1.53463 56.22
k =-9997.910 55 17* 1.312 1.46
A4 =1.71452E-003, A6 = 1.19083E-004, A8 = -3.69775E-006 Image plane «
16th surface
Aspherical surface data
k=-10.478
Ad = -1.17511E-003, A6 = 2.78573E-004, A8 = ~1.44945E-005 Lst surface
17th surface 60 k=-7734
A4 =1.18541E-001, A6 = -5.85984E-002, A8 = 2.76156E-002,
k=-40.369 A10 = —7.67536E-003, A12 = 1.18366E-003, A14 = —7.33016E-005
A4 = —1.42420E-004, A6 = 3.86408E-005, A8 = —7.11239E-006 2nd surface
18th surface
k =0.000
k=-2.482 65

A4 =4.04572E-004, A6 = —8.29704E-005

A4 = 8.48095E-002, A6 = -1.72116E-002, A8 = —1.25962E-002,
Al10=6.37573E-003, A12 = —8.49967E-004, A14 = -3.53042E-006
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-continued -continued
Unit mm Unit mm
3rd surface 5 fo (in air) 1.46
k= —3.546 Lens total length (in air) 7.16
A4 =2.70583E-001, A6 = —2.54490E-001, A8 = 1.89589E-001, NA 0.22
Al10=-1.87543E-001, A12 = 5.94237E-002 NA' 0.17
4th surface
k=-1.947 10
A4 =9.60228E-002, A6 =-2.78077E-002, A8 = -2.47936E-003,
A10 = -5.89337E-002, A12 = 1.60644E-001 Example 7
5th surface
k=-24.611
A4 =-1.29167E-001, A6 = 1.92617E-001, A8 = -6.67246E-002, 15
Al10=-9.41339E-002, A12 = -7.64900E-002 Unit mm
6th surface
Surface data
k =0.000
A4 =7.10538E-002, A6 = 3.04047E-001, A8 = -7.45538E-001, Surface no. r d nd vd
Al10=-1.67999E-001, A12 =5.47114E-001 20
7th surface Object plane @ 1.46
1* -1.312 0.59 1.53463 56.22
k=-4.762 2% 251.493 0.13
A4 =9.68323E-002, A6 =3.65189E-001, A8 = -8.02417E-001, 3% 0.912 0.65 1.53463 56.22
Al10=17.47746E-002, A12 = 6.35189E-001 4% 2.355 0.71
8th surface 5% -2.768 0.30 1.63490 23.88
25 6* 63.214 0.0
k=-0.571 7* 25.302 0.54 1.53463 56.22
A4 =495207E-002, A6 =-1.12153E-001, A8 = 7.03902E-001, 8% -1.410 0.21
A10=-1.28927E+000, A12 = 1.11371E+000 9(Stop) © -0.11
10th surface 10%* 1.789 0.70 1.53071 55.78
11* -2.980 0.04
k=0.062 30 12% -17.387 0.29 1.63490 23.88
A4 =1.37414E-002, A6 = -5.71487E-002, A8 = -3.66765E-002, 13* 2.684 0.49
Al10=4.18364E-001, A12 = -4.83502E-001 14%* -2.354 0.59 1.53071 55.78
11th surface 15% -0.642 0.05
16* 130.797 0.48 1.53071 55.78
k =0.000 17* 0.784 1.21
A4 =1.42573E-001, A6 =-6.53135E-001, A8 = 3.84898E-001, 35 Image plane ®
Al10=2.63676E+000, A12 = -3.61580E+000, A14 = 4.20017E-001,
Al6 =4.40252E-001 Aspherical surface data
12th surface
1st surface
k =-495.266
A4 =1.85957E-001, A6 = -8.01875E-001, A8 = 7.78375E-001, 40 k=-9.247

A10 = 2.01491E+000, A12 = -2.75814E+000
13th surface

k=-4.665

A4 =1.82826E-001, A6 = -3.29495E-001, A8 = 5.73943E-001,
A10=-1.56281E-001, A12 = -1.45670E-001

14th surface

k=-1.122

A4 =-5.90880E-002, A6 = 1.80998E-001, A8 = —4.20905E-001,
A10 = 3.48644E-001, A12 = -1.35538E-001

15th surface

k=-4.154

A4 =-2.53695E-001, A6 = 3.45811E-001, A8 = -3.37286E-001,
A10 = 1.58499E-001, A12 = -2.70778E-002

16th surface

k =-420.200

A4 =-4.70698E-002, A6 = -1.74511E-002, A8 = 1.68346E-002,
A10 = -4.41443E-003, A12 = 5.27904E-004, A14 = -2.63829E-005
17th surface

k=-9.247
A4 = -7.76409E-002, A6 = 2.54240E-002, A8 = —8.61348E-003,
Al10=1.79672E-003, A12 = -2.29048E-004, A14 = 1.31057E-005

Various data

Focal length 1.52
Image height 2.85
Object height 2.24

45

50

55

60

65

A4 =7.76409E-002, A6 = -2.54240E-002, A8 = 8.61348E~003,
A10 =-1.79672E-003, A12 = 2.29048E-004, A14 = -1.31057E-005
2nd surface

k =-420.200

A4 =4.70698E-002, A6 = 1.74511E-002, A8 = -1.68346E-002,
A10 = 4.41443E-003, A12 = -5.27904E-004, A14 = 2.63829E-005
3rd surface

k=-4.154

A4 =2.53695E-001, A6 = -3.45811E-001, A8 = 3.37286E-001,
A10 = -1.58499E-001, A12 = 2.70778E-002

4th surface

k=-1.122

A4 =5.90880E-002, A6 = -1.80998E-001, A8 = 4.20905E-001,
A10 = -3.48644E-001, A12 = 1.35538E-001

Sth surface

k =-4.665

A4 =-1.82826E-001, A6 = 3.29495E-001, A8 = -5.73943E-001,
A10 = 1.56281E-001, A12 = 1.45670E-001

6th surface

k =-495.266

A4 =-1.85957E-001, A6 = 8.01875E-001, A8 = -7.78375E-001,
A10 = -2.01491E+000, A12 = 2.75814E+000

7th surface

k =0.000

A4 = -1.42573E-001, A6 = 6.53135E-001, A8 = —3.84898E-001,
Al10=-2.63676E+000, A12 = 3.61580E+000, A14 = -4.20017E-001,
Al6=-4.40252E-001
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-continued -continued
Unit mm Unit mm
8th surface 10 -552.475 1.65 1.61800 63.33 0.544
S 30,000 0.10
k=0.062 12% 7.964 2.99 1.49700 81.61 0.538
A4 =-1.37414E-002, A6 = 5.71487E-002, A8 = 3.66765E-002, 13* 29.995 1.94
A10=-4.18364E-001, A12 = 4.83502E-001 14* 105.854 2.67 1.58364 30.30 0.599
10th surface 15% -9.793 572
16* -5.613 0.70 1.53368 55.90 0.563
k=-0.571 10 17%* 4970.723 3.70
A4 =-495207E-002, A6 =1.12153E-001, A8 = -7.03902E-001, 18 ] 0.30 1.51640 65.06 0.535
A10=1.28927E+000, A12 = -1.11371E+000 19 ] 0.31
11th surface Image plane @
k=-4.762 Aspherical surface data
A4 =-9.68323E-002, A6 =-3.65189E-001, A8 = 8.02417E-001, 15
Al10=-7.47746E-002, A12 = -6.35189E-001 4th surface
12th surface
k=0.000
k =0.000 A4 =7.06954e-05
A4 =-7.10538E-002, A6 = -3.04047E-001, A8 = 7.45538E-001, 12th surface
A10=1.67999E-001, A12 = -5.47114E-001 20
13th surface k=-0.579
A4 =3.23636e-08
k=-24.611 13th surface
A4 =1.29167E-001, A6 = -1.92617E-001, A8 = 6.67246E-002,
A10=9.41339E-002, A12 = 7.64900E-002 k=0.000
14th surface A4 =1.99801e-05
25 14th surface
k=-1.947
A4 =-9.60228E-002, A6 = 2.78077E-002, A8 = 2.47936E-003, k=0.000
A10=5.89337E-002, A12 = -1.60644E-001 A4 =-5.42705e-04
15th surface 15th surface
k=-3.546 30 k=0.000
A4 =-2.70583E-001, A6 = 2.54490E-001, A8 = -1.89589E-001, A4 =-1.29917e-05
A10=1.87543E-001, A12 = -5.94237E-002 16th surface
16th surface
k=0.000
k =0.000 A4 =4.43608e-04
A4 =-8.48095E-002, A6 =1.72116E-002, A8 = 1.25962E-002, 35 17th surface
Al10=-6.37573E-003, A12 = 8.49967E-004, A14 = 3.53042E-006
17th surface k=0.000
A4 =-7.74339e-04, A6 = -4.96705e-06
k=-7.734 Various data
A4 =-1.18541E-001, A6 = 5.85984E-002, A8 = -2.76156E-002,
Al10=7.67536E-003, A12 =-1.18366E-003, A14 = 7.33016E-005 40 NA 0.15
Magnification -1.04
Various data Focal length 9.34
Image height (mm) 4.92
Focal length 1.52 fb (mm) (in air) 421
Image height 2.24 Lens total length (mm) (in air) 34.92
Object height 2.85
fb (in air) 1.21 45
Lens total length (in air) 6.91
NA 0.17 Example 9
NA' 0.22
50
Example 8 Unit mm
Surface data
Surface no. T d nd vd Ogf
Unit mm 55
1 24.757 4.50 1.49700 81.61 0.538
Surface data 2 -20.382 0.14
3% —-83.898 1.15 1.53368 55.90 0.563
Surface no. T d nd vd ogf 4% 28.935 0.15
5 14.657 4.68 1.49700 81.61 0.538
1 20.000 3.16 1.49700 81.61 0.538 6* -22.520 249
2 -29.914 1.23 60 7 8.244 3.90 1.61800 63.33 0.544
3 12.304 3.27 1.49700 81.61 0.538 8 -18.524 0.70 1.72047 34.71 0.583
4% 133.906 0.19 9 6.509 1.16
5 9.781 3.54 1.61800 63.33 0.544 10(Stop) ] 1.00
6 -30.296 0.98 1.72047 34.71 0.583 11 -7.654 1.06 1.90366 31.32 0.595
7 6.120 1.14 12 -19.862 242 1.61800 63.33 0.544
8(Stop) @ 0.73 65 13 -14.476 0.10
9 -13.763 0.70 1.90366 31.32 0.595 14* 10.185 4.10 1.49700 81.61 0.538
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-continued -continued
Unit mm Unit mm
15% -13.446 0.10 9 -12.294 0.70 1.90366 31.32 0.595
16* 22.889 3.01 1.58364 30.30 0.599 5 10 —-69.652 1.69 1.61800 63.33 0.544
17* -29.222 5.24 11 —-20.000 0.10
18* —-6.641 0.70 1.53368 55.90 0.563 12 8.145 3.21 1.49700 81.61 0.538
19% 16.877 3.70 13 -15.000 0.95 1.51742 52.43 0.556
20 ] 0.30 1.51640 65.06 0.535 14 11.934 0.72
21 ] 0.31 15% 12.723 2.63 1.58364 30.30 0.599
Image plane % 10 16%* -12.612 5.70
17* -5.132 0.73 1.53368 55.90 0.563
Aspherical surface data 18* -59.830 3.70
19 ] 0.30 1.51640 65.06 0.535
3rd surface 20 @ 0.31
Image plane @
k =0.000 15
A4 =-5.08296e-05, A6 = -5.46138e-07 Aspherical surface data
4th surface
4th surface
k =0.000
A4 =1.91756e-05, A6 = -4.56532e-07 k=0.000
6th surface 20 A4=9.03821e-05
15th surface
k =0.000
A4 =4.28078e-05 k=0.000
14th surface A4 =-1.16458e-04
16th surface
k=-0.579
A4 = -5.623666-07 23 k=0.000
15th surface A4 =3.05202¢-04
17th surface
k =0.000
A4 =1.84420e-04 k=0.000
16th surface A4 =425245¢-04
30 18th surface
k =0.000
A4 =-4.33240e-05 k=0.000
17th surface A4 =-8.51966e-04, A6 = —6.89946e-06
k =0.000 Various data
Ad =1.44611e-04 35
18th surface NA 0.15
Magnification -1.03
k =0.000 Focal length 9.35
A4 =2.83534e-04 Image height (mm) 4.92
19th surface fb (mm) (in air) 421
40 Lens total length (mm) (in air) 3491
k =0.000
A4 =-7.46747e-04, A6 = 4.74306e-06
Various data
Example 11
NA 0.21
Magnification -1.05 45
Focal length 9.35
Image height (mm) 4.92
fb (mm) (in air) 4.21 Unit mm
Lens total length (mm) (in air) 40.82
Surface data
50
Surface no. T d nd vd Ogf
Example 10
1 15.000 3.56 1.49700 81.61 0.538
2 —-34.400 0.10
3 11.283 3.07 1.49700 81.61 0.538
55 4 114.633 110
Unit mm 5 11.882 329 1.61800  63.33  0.544
6 -23.894 1.08 1.72047 34.71 0.583
Surface data 7 6.254 0.98
8(Stop) @ 0.41
Surface no. T d nd vd ogf 9 28.157 0.70 1.90366 31.32 0.595
10 12.525 1.62 1.61800 63.33 0.544
1 20.000 3.29 1.49700 81.61 0.538 60 11 29.622 4.65
2 -27.197 0.40 12% 19.060 2.87 1.49700 81.61 0.538
3 12.782 3.47 1.49700 81.61 0.538 13* -20.715 0.10
4% 186.607 0.99 14 30.351 3.69 1.86400 40.58 0.567
5 10.290 3.50 1.61800 63.33 0.544 15 —-8.760 0.84 1.56384 60.67 0.540
6 -17.388 0.86 1.72047 34.71 0.583 16 33.363 1.93
7 6.090 1.02 65 17* -8.111 0.70 1.53368 55.90 0.563
8(Stop) @ 0.75 18* 20.135 3.70
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-continued -continued
Unit mm Unit mm
19 w 030 151640 6506 0535 Aspherical surface data
20 ] 0.31
Image plane © 2nd surface
. k=-4214
Aspherical surface data 3rd surface
4th surface 10 k= 0.000
A4 =3.91871e-05, A6 = 3.19948e-08
k=0.000 4th surface
A4 =1.82154e-04
12th surface k= 0.000
A4 =-2.66544e-04, A6 = 4.29908e-08
k=-0.579 15 Sth surface
A4 =-2.53743e-05
13th surface k=-1.434
A4 =-1.94439e-04
k = 0.000 16th surface
A4 =1.30619e-04
17th surface 20 k=-0.579
A4 = 2.99389%¢-04
Kk = 0.000 17th surface
A4 =2.60653e-04 k= 0.000
18th surface Ad4=—1.115260-04
18th surface
k =0.000 25
Ad = -2.39609e~04, A6 = 9.46048e-07 k=2.656
Ad = -2.50790e-04
Various data 19th surface
F/{A foati 013 30 11::12'(1).030311%-04
agnification -1.03 20th surface
Focal length 10.22
Image height (mm) 4.92 k = 0.000
{b (mm) (in air) 4.21 A4 = 2.61407e-04
Lens total length (mm) (in air) 3491 21th surface
35
k=0.000
A4 =-4.36562e-04
Example 12 Various data
40 NA 0.18
Magnification -1.05
Focal length 7.99
Unit mm Image height (mm) 4.92
fb (mm) (in air) 2.77
Surface data Lens total length (mm) (in air) 34.88
Surface no. T d nd vd ogf 45
1 96.073 273 184666  23.77  0.620 Example 13
2% -18.251 0.30
3% -23.375 0.50 1.58364 30.30 0.599
4% 10.401 0.30
5% 9.515 3.87 1.49700 81.61 0.538 50
6 -32.363 0.10 Unit mm
7 10.328 3.78 1.49700 81.61 0.538
8 -34.714 0.30 Surface data
9 10.969 2.74 1.61800 63.33 0.544
10 -26.411 0.61 1.72047 34.71 0.583 Surface no. T d nd vd Ogf
11 5.686 1.34 55
12(Stop) ] 0.30 1 47.665 251 1.84666 23.77 0.620
13 15.413 0.50 1.72047 34.71 0.583 2% -21.643 0.30
14 9.057 1.61 1.61800 63.33 0.544 3% -78.703 0.50 1.58364 30.30 0.599
15 9.689 1.83 4% 8.889 0.30
16* 9.565 2.26 1.49700 81.61 0.538 5% 8.817 3.03 1.49700 81.61 0.538
17* 340.758 1.70 60 6 -86.120 0.10
18* 11.503 2.38 1.63490 23.88 0.630 7 9.186 3.18 1.49700 81.61 0.538
19% 1563.756 3.01 8 -23.055 0.30
20% -5.590 1.96 1.53368 55.90 0.563 9 12.987 2.57 1.61800 63.33 0.544
21%* 57.014 2.21 10 -22.422 0.87 1.72047 34.71 0.583
22 ] 0.38 1.51640 65.06 0.535 11 5.211 0.94
23 @ 0.30 12(Stop) @ 0.30
Image plane @ 65 13 19.357 1.64  1.61800  63.33  0.544
14 -39.123 0.50 1.72047 34.71 0.583
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-continued -continued
Unit mm Unit mm
15 11.556 3.60 A% 2.363 045
16* 11.244 2.21 1.49700 81.61 0.538 5 5ok 8.022 401 1.49700 81.61 0.538
17* 5498.309 2.42 6 _27.821 0.10
e SO 20 LeWD s 060 7 12314 381 149700 8L61 0538
. . 8 -15.006 0.30
£ _
5(1)* 12;2? g;g 1.53368 3590 0.563 9 15.820 248 1.61800 63.33 0.544
22 © 0.38 1.51640 65.06 0.535 10 10 -16.606 0.86 1.72047 34.71 0.583
23 © 0.31 11 5.917 1.11
Image plane w 12(Stop) w 0.30
13 19.831 1.50 1.59542 57.26 0.547
Aspherical surface data 14 8.704 3.25
15% 30.113 2.20 1.49700 81.61 0.538
2nd surface 15 16%* -129.450 1.44
17* 11.178 3.22 1.63490 23.88 0.630
k=-3.077 18* 69.854 2.52
3rd surface 19% -11.756 172 153368 5590  0.563
20% 28.321 245
k=0.000 21 @ 038 151640  65.06  0.535
A4 =-3.60571e-05 20 22 © 030
4th surface Image plane ©
k =0.000 .
Ad — —1.128160-04 Aspherical surface data
Sth surf:
Sace 2nd surface
k=-0.996 25
A4 =-7.73645e-05 k=-6.782
16th surface 3rd surface
k=-0.579 k =0.000
A4 =7.09702e-04 A4 =-1.06326e-04
17th surface 30 4th surface
k =0.000 k = 0.000
A4 =5.12138e-04 Ad = -4.80995e-04
18th surface Sth surface
k=-0.174 35
k=-1.297
?;ﬂl: Sjl;gcl:”e"% Ad = -2.89846e-04
15th surface
k =0.000
A4 =-3.03025e-07 k=-0.579
20th surface 40 A4 =-2.76313e-06
16th surface
k =0.000
A4 =1.53947e-06 k =0.000
21th surface A4 =4.96403e-06
17th surface
k =0.000
A4 = -1.55823e-06 45 k1161
Ad = -1.96685e-05
Various data 18th surface
NA 0.13
Magnification -1.05 fe=0.000
Focal length 8.59 50 A4 =9.87207e-06
Image height(mm) 4.92 19th surface
fb(mm) (in air) 2.76
Lens total length(mm) (in air) 33.88 k =0.000
A4 =8.51271e-06
20th surface
55
Example 14 k= 0.000
A4 =-2.32962e-05
Various data
Unit mm 60
NA 0.14
Surface data Magnification -1.05
Surface no. T d nd vd ogf Focal lengﬂl 9:49
Image height(mm) 4.92
1 47.850 259 1.84666 2377  0.620 fb(mm) (in air) 3.00
2% _22.343 0.30 65 Lens total length(mm) (in air) 35.87
3% -42.136 0.50 1.58364 30.30 0.599
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Example 15 -continued
Unit mm
Unit mm 5 21th surface
Surface data k=0.000
A4 =-2.39642¢-04, A6 = -9.62165¢-07
Surface no. T d nd vd ogf
Various data
1* 17425 199  1.84666 23.77 0.620 10
2% 26.052 2.15 NA - 0.21
3 78.603 2.65 1.49700  81.61  0.538 Magnification -1.05
-23.793 0.10 Focal length R.84
5 20.854  2.93 1.49700  81.61  0.538 Image height(mm) 4.92
6* -28.805  0.97 fb(mm) (in air) 3.21
7 10233 3.22 1.61800  63.33  0.544 15 Lens total length(mm) (in air) 43.94
8 -14.403 070 172047 3471  0.583
9 6.263  1.54
10(Stop) o 2.59
11 -23.449 110 190366 31.32  0.595 B e 16
12 23.820 450  1.61800  63.33  0.544 Xample
13 -13.224  0.10 20
14% 20.191 492 149700 81.61  0.538
15% -12.021  2.06
16% 16.842 297  1.58364 3030  0.599 Unit mm
17% -61.090  2.44
18% -13.902 070 149700  81.61  0.538 Surface data
19* 22930 241 25
20% -7.006 070 1.53368 5590  0.563 Surface no. r d nd vd ogf
21% 42359 2.70
22 @ 030 151640 65.06  0.535 1* 44.490 290  1.84666  23.77  0.620
23 © 0.31 2% 1042.481 0.10
Image plane @ 3 32.397 352 149700  81.61  0.538
30 4 -23.206 0.10
Aspherical surface data 2* _égfég gié 1.49700 81.61 0.538
) " 7 11.152 3.61  1.61800  63.33  0.544
st surface 8 -8.805 070 172047 3471  0.583
9 5.456 0.96
k=0.000 35 10(Stop) @ 0.72
A4 =1.14998e-04 11 -9.368 070 1.90366 31.32  0.595
2nd surface 12 58.101 403 1.61800  63.33 0544
13 -11.863 1.16
k =0.000 14% 22578 450 149700  81.61  0.538
A4 =1.87722e-04 15% -10.017 159
6th surface a0 16* 33.644 3.89  1.58364 3030 0.599
17% -23.118 5.88
k = 0.000 18% -8.960 0.70  1.53368 5590  0.563
A4 =7.02747e-05 19% 13.998 3.70
14th surface 20 o 030 151640  65.06  0.535
21 o 031
k=-0.579 45 Image plane @
A4 =-8.56059¢-05 )
15th surface Aspherical surface data
1st surface
k =0.000
A4 =-4.50576e-05 k= 0.000
16th surface 50 Ad = 9.48776e-05
2nd surface
k =0.000
A4 =6.70751e-05 k=0.000
17th surface A4 =1.31636e-04
6th surface
k =0.000 55
A4 =3.13794e-05 k=0.000
18th surface A4 = 4.63529¢-05
14th surface
k =0.000
k=-0579
’;;5 3'257126"04 6 A4 = -8.09511e-05
surlace 15th surface
k =0.000 K= 0.000
A4 =3.55414e-04 A4 = 1.88059e-05
20th surface 16th surface
k = 0.000 65 k = 0.000

A4 =2.17628e-04 A4 =-7.81147e-05
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-continued -continued
Unit mm Unit mm
17th surface 5 16th surface
k =0.000 k=0.000
A4 =-1.26355e-05 A4 =1.82606e-04
18th surface 17th surface
k =0.000 k=0.000
A4 =2.75080e-04 10 A4 =-4.51042e-04, A6 =-1.53697e¢-06
19th surface
Various data
k =0.000
A4 =-4.02076e-04, A6 = 6.67549e-07 NA 0.20
Magnification -1.05
Various data 15 Focal length 10.21
Image height(mm) 4.92
NA 0.18 fb(mm) (in air) 421
Magnification -1.05 Lens total length(mm) (in air) 40.13
Focal length 10.48
Image height(mm) 4.92
fb(mm) (in air) 4.21 20
Lens total length(mm) (in air) 4291
Example 18
Example 17
25 Unit mm
Surface data
Unit mm
Surface no. T d nd vd Ogf
Surface data
30 1 20.000 341 1.49700 81.61 0.538
Surface no. T d nd vd ogf 2 -21.403 0.10
3 10.837 2.84 1.49700 81.61 0.538
1 30.001 3.55 1.49700 81.61 0.538 4% 419.463 0.10
2 -20.144 0.10 5 29.618 2.52 1.61800 63.33 0.544
3 14.839 2.95 1.49700 81.61 0.538 6 -14.040 0.70 1.72047 34.71 0.583
4% —-204.753 1.38 35 7 9.509 3.36
5 9.541 3.61 1.61800 63.33 0.544 8(Stop) ] 0.20
6 —-22.503 0.94 1.72047 34.71 0.583 9 15.000 0.70 1.59551 39.24 0.580
7 5.977 1.25 10 4.665 231 1.64769 33.79 0.594
8(Stop) @ 1.09 11 14569 075
9 -7.570 1.76 1.90366 31.32 0.595 12% 18.814 292 1.49700 81.61 0.538
10 -16.099 2.78 1.61800 63.33 0.544 40 13* -8.306 0.10
11 -10.217 0.10 14 -27.184 4.50 1.86400 40.58 0.567
12% 11.695 5.99 1.49700 81.61 0.538 15 -13.984 0.80
13* -15.540 1.31 16 -10.364 242 1.56384 60.67 0.540
14% 26.431 2.57 1.58364 30.30 0.599 17 42.568 2.09
15% 405.879 5.84 18* -4.588 0.88 1.53368 55.90 0.563
16* -6.493 0.70 1.53368 55.90 0.563 19% -17.205 3.70
17* 676.071 3.70 45 20 ] 0.30 1.51640 65.06 0.535
18 ] 0.30 1.51640 65.06 0.535 21 ] 0.31
19 @ 0.31 Image plane @
Image plane @
Aspherical surface data
Aspherical surface data
50 4th surface
4th surface
k=0.000
k =0.000 A4 =1.96955¢-04
A4 =5.71106e-05 12th surface
12th surface
55 k=-0.579
k=-0.579 A4 =1.16008e-04
A4 =1.53768e-05 13th surface
13th surface
k=0.000
k =0.000 A4 =6.10145¢-04
A4 =6.02131e-05 60 18th surface
14th surface
k=0.000
k =0.000 A4 =5.15864e-04
A4 =-8.63826e-05 19th surface
15th surface
k=0.000
k =0.000 65 Ad = -8.95475e-04, A6 = —1.08381e-05

A4 =-5.74333e-05
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-continued -continued
Unit mm Unit mm
Various data 5 20th surface
NA 0.15 k=0.000
Magnification -1.04 Ad = 3.841966-05
Focal length 8.63 21th surface
Image height(mm) 4.92
fb(mm) (in air) 4.21
L k=0.000
Lens total length(mm) (in air) 3491 10 Ad = 6.165336-05
22th surface
k=0.000
Example 19 A4 = 1.47300e-04
15 23th surface
k=0.000
A4 =-6.49627e-05
Unit mm 24th surface
Surface data 20 k= 0.000
Surface no. T d nd vd ogf Ad = =3.07397e-03
25th surface
1 15.792 2.15 1.60999 2748 0.620
2 23.978 0.00 1001.00000 -345 0.296 k=0.000
3 23.978 0.20 1.63762 3421 0.594 A4 = -5.85345e-04, A6 = 1.30476e-06
4 23.780 278 25
5 14.045  4.50 149700  81.61 0.538 Various data
6 -93.714 0.10
7 12.954 2.81 1.49700 81.61 0.538
8* 48.862 0.93 NA . . 0.15
9 27.146 274 161800  63.33 0.544 Magnification -1.00
10 -13.58  0.73 172047 3471 0.583 30 Focal length 9.02
11 18.090  1.34 Image height(mm) 492
12(Stop) 0.02 fb(mm) (in air) 1.75
13 13257 072 190366  31.32 0.595 Lens total length(mm) (in air) 4228
14 5.010 1.34 1.61800 63.33 0.544
15 8.118 0.75
16* 6.148 2.11 1.49700 81.61 0.538 33
17* 10.525 2.08
18* -7323 311 149700  81.61 0.538 Example 20
19% -7.585 0.91
20% 14.481 3.56 1.58364 30.30  0.599
21%* -16.233 1.90
22% -12.939 0.71 1.49700 81.61 0.538 40
23% 41071 434 Unit mm
24%* —-7.245 0.70 1.53368 55.90 0.563
25% 54812.275 1.21 Surface data
26 ] 0.38 1.51640 65.06 0.535
27 @ 0.29 Surface no. T d nd vd Ogf
Image plane @
45 1* 32.834 251 1.84666  23.77  0.620
Aspherical surface data 2% -14.478 0.74
3% -13.008 0.70 1.58364 30.30 0.599
Sth surface 4% 10.024 0.11
5% 6.167 4.69 1.49700 81.61 0.538
k =-0.985 6* -9.896 0.16
A4 =-4.58140e-06 50 7 14.247 2.75 1.61800 63.33 0.544
8th surface 8 -9.168 0.89 1.72047 34.71 0.583
9 8.096 1.17
k = 0.000 10 (Stop) @ 1.16
A4 =3.12616e-05 11 -9.133 0.89 1.72047 34.71 0.583
16th surface 12 13.575 1.99 1.61800 63.33 0.544
55 13 -13.167  0.10
k=-0.579 14% 35.940 1.45 1.49700 81.61 0.538
A4 =-1.17288e-04 15% -35.021 0.10
17th surface 16* 9.242 1.85 1.49700 81.61 0.538
17* 17.291 2.09
k =0.000 18* 14.145 2.00 1.63490 23.88 0.630
A4 =-4.12749e-05 60 19% -39.253 5.67
18th surface 20% -5.955 0.70 1.53368 55.90 0.563
21%* -14.900 2.22
k =0.000 22% -5.519 0.90 1.53368 55.90 0.563
A4 =-8.96232e-05 23%* -70.863 1.20
19th surface 24 ] 0.38 1.51640 65.06 0.535
25 ] 0.30
k =0.000 65 Image plane @

A4 =5.26452e-05
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-continued Example 21
Unit mm
Aspherical surface data K
5 Unit mm

1st surface

Surface data

k =0.000
Surf: ) d d d Ogf
A4 = 1.50492¢-04, A6 = —3.54780e~06 uriace o ! . v g
2nd surface 0 1* 37191 251 1.84666 2377  0.620
K .669 2% -60.365 0.10
=~ 3% 45462 070 1.58364 3030 0.599
Ad =2.22005e-04, A6 = -2.69213e-06 . 7208 010
3rd surface 5% 14316 465 149700 81.61  0.538
6 -53760  0.10
k=0.000 7 23156 355 149700 8161 0538
ﬁ = 3'1}00916‘04 15 g* 23670 0.10
surlace 9 22.799 241 1.61800  63.33  0.544
10 -29442 070 172047 3471  0.583
k=0.000 1 7650 145
Ad = -3.25978e-04
AR 12 (Stop) @ 1.07
suriace 13 -25486 070 172047 3471 0583
Lo 1313 20 14 7699 232 1.61800  63.33  0.544
Ad = -2.31327e-04, A6 = 3.63551-06 13 30679 0.10
6th“f' e-b4 AL =5, e 16% 12.228 2.01  1.49700  81.61  0.538
surace 17* 98.730  16.81
L= 1763 18% 31.846 6.30  1.49700  81.61  0.538
AZ: 1.380636-04, A6 = =2.60269¢-07 Lo ~77.363 203
Lt st OO AL =L e 25 20% 14198 325  1.63490 23.88  0.630
surlace 21% 201.898 435
20% -12.028 070 153368 5590  0.563
11:::01.54;9838 04, A6 = -1.01594e—06 23" 20,063 137
Lth st o-04, AL =1 e 24% 34.840 0.70  1.53368 5590  0.563
surlace 25% 16.829 1.23
26 @ 038 151640  65.06  0.535
k =0.000 30 37 - 030
Ad =2.79291e-04, A6 = —6.60640e-07 Tmage plane -
16th surface gep
Kk = 0.000 Aspherical surface data
A4 = 1.42801e-04, A6 = 2.79003e-07 L5t surface
17th surface 35
k =0.000
k =0.000
Ad = -2.94380e-05
Ad = -1.94371e-04, A6 = 1.98964e-06 I surface ¢
18th surface
k=-32.935
k=-2.995
40 =6. -
A4 =2.02338e-04, A6 = -3.03901e-06 A4 =6.14622e-06
15th surf. 3rd surface
surtace
. 0000 k =0.000
=0. Ad = -1.75346e-07
A4 =3.16281e-04, A6 = -2.16676e-06 4th surface
20th surface
45
k =0.000
k =0.000 Ad = -4.72517e-05
A4 =1.23235e-03 5th surface
21th surface
k=-0.524
k =0.000 50 A4 =-1.41649e-05
A4 = 7.37586e-04 8th surface
22th surface
k=-7.887
K = 0,000 Ad =1.22953e-05
A4 =1.78231e-04 L6th surface
23th surface 55 k=-0.579
C e 207247 Ad =2.95007e-05
=—V 17th surface
A4 = -9.71403e-04, A6 = —5.03108e-06
k =0.000
Various data A4 =-2.68357e-05
60 18th surface
NA 0.23
Magnification -1.33 k =0.000
Focal length 5.76 A4 =6.31745e-05
Image height (mm) 4.92 19th surface
fb (mm) (in air) 1.75
Lens total length (mm) (in air) 36.60 65 k =0.000

A4 =1.15528e-04
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Unit mm Unit mm
20th surface 5 Aspherical surface data
k =0.000
A4 = 6.62069e-06 Lst surface
21th surface
k=0.000
k =0.000 A4 =420748e-06
A4 =-5.81516e-05 10 2nd surface
22th surface
K= 0.000 k=0.000
Ad = 1.138530-04 A4 =1.02174e-05
23th surface Sth surface
15
k =0.000 k=0.362
A4 =-1.70151e-04 A4 =-1.39316e-06
24th surface 8th surface
k =0.000 k=0.000
A4 =-3.46508e-04 20 A4 =734221e-05
25th surface 16th surface
11:: 0'03040323 05 k=-0379
- ¢ A4 =-1.11345¢-04
Various data 25 17th surface
NA 0.23 k=0.000
Magnification -1.33 Ad = -3.97260e-04
Focal length 11.95 18th surface
Image height (mm) 4.92
fb (mm) (in air) 1.78 30 k =0.000
Lens total length (mm) (in air) 59.87 A4 =3.14959e-04
19th surface
k=0.000
A4 =9.18979%-04
Example 22 35 20th surface
k=0.000
A4 =-3.01972e-04
Unit mm 21th surface
40
Surface data k= 0.000
Surface no. T d nd vd Ogf A4=122286e-04
22th surface
1* 19.718 247 1.84666 23.77 0.620
2% 57.140 0.10 k=0.000
3 28.082 070  1.65412  39.68 0.574 45 A4 =3.61097e-10
4 15535 071 23th surface
5% 16.135 3.81 1.49700 81.61 0.538
6 -111.432 0.10
7 12.560 3.28 1.49700 81.61 0.538 k=0.000
g* 9264110 0.10 Ak =-2.33784e-10
9 23.767 2.95 1.61800 63.33 0.544 50 24th surface
10 -17.820 0.70 1.72047 34.71 0.583
11 14.919 0.94 k= 0.000
12 (Stop) °° -0.22 A4 =7.88303e-11
13 36.855 0.70 1.90366 31.32 0.595 35th surf
14 6.199 219 161800 63.33  0.544 surtace
15 13.800 0,10 55
16* 7.064 3.86 1.49700 81.61 0.538 k=0.000
17* -1661.525 5.38 A4 =-9.83303e-04, A6 = -4.80768e-06
18* -7.343 0.70 1.49700 81.61 0.538
19* 26316 2.07 Various data
20% 14.001 4.50 1.58364 30.30 0.599
21% -8.579 3.08 60
22% -9.265 0.70 1.49700 81.61 0.538 NA 0.23
23% 10.893 2.23 Magnification -1.33
24 -15.074 142  1.53368 5590 0563 Focal length 9.09
25t -20.788 0.76 Image height (mm) 4.92
26 P 038 151640 6506 0535 £e eIght '
27 © 0.30 fb (mm) (in air) 1.31
65 Lens total length (mm) (in air) 43.88

Image plane @
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Example 23 -continued
Unit mm
K 24th surface
Unit mm 5
k=0.000
Surface data Ad=—-402512e-11
Surface no. T d nd vd ogf 25th surface
1 2347 070 183400 3716 0577 o o7l
2 19.857 268  1.84666 2377  0.620 St stet e
3 82.525 0.10 surlace
4 28.223 070  1.65412  39.68  0.574
3 13.598 0.10 fZZ (—)'03091121 04, A6 = -7.74500e—06
6% 13.218 413 149700  81.61 0.538 =l U AL =1 o
7 -426.276 0.10 E—
8 12.661 324 149700  81.61 0.538 15 arious data
o -620.123 0.10
10 23276 303 161800  63.33  0.544 EAA oati ?g;
11 -15.973 070  1.72047 3471 0583 agnitication o
12 14351 094 Focal length 8.95
Image height (mm) 4.92
13 (Stop) @ -0.12 St
fb (mm) (in air) 2.12
14 52.229 070 1.90366  31.32  0.595 20 Lens total length (mm) (in ir 4187
15 6.517 205 1.61800 63.33  0.544 :
16 14.011 0.10
17* 7.279 370 1.49700  81.61 0.538
18% -52.147 6.22 Example 24
19% -8.485 070 1.49700  81.61 0.538
20% 18.496 2.19 25
21% 16.238 338  1.58364 3030  0.599
20% -8.208 3.48
23% ~14.030 0.80  1.49700  81.61 0.538 Unit mm
24 10.694 234
25% -13561 070 153368 5590 0563 Surface dafa
26% -32.525 1.56 30
27 © 038 151640 6506  0.535 Surface no. r d nd vd o Gef
28 it 0.30 1% 20347 3.01  1.84666 2377  0.620
Image plane e % -36.004  0.10
- 3 -397.741 070  1.65412  39.68 0574
Aspherical surface data 15 4 21.124 0.10
5% 19.426 427 149700 81.61  0.538
6th surface 6 -31.982 0.10
7 20342 353 149700  81.61  0.538
k=0.102 8= -22.961  0.10
Ad = -3.11348¢-06 9 -172.666  2.93  1.61800  63.33  0.544
oth surface 40 10 -11.505  0.70 172047 3471  0.583
11 24226 0.79
k =0.000 12 (Stop) o 0.17
A4 — 7.099636-05 13 -243374 070 190366 31.32  0.595
17th surface 14 9.660 341  1.61800  63.33  0.544
15 -43351  0.10
16* 11.180 450 149700 81.61  0.538
k=-0579 45 17* -10186.757  8.48
Ad = -1.62833e-04
L8th surh 18* 719.997 070 149700  81.61  0.53%
surlace 19% 13.006 6.32
20% 13.192 344 158364 3030  0.599
k =0.000 21* ~15.080  3.70
Ad = -2.59299e-04 20% -9.430 081 149700 81.61  0.538
19th surface 50 23* 10.877 2.39
24 -10.747 051 153368 5590  0.563
k =0.000 25% -3339.876 195
Ad = 2.69659%-05 26 @ 038 151640 6506  0.535
20th surface 27 @ 0.30
Image plane @
k =0.000 55
A4 = 5.59803e—04 Aspherical surface data
21th surface
1st surface
k =0.000
k=0.000
Ad = -2.63419e-04 M 100145605
22th surface 60 ond surface
k =0.000 K= 0.000
A4 =1.85257e-04 Ad = 4.66734e—05
23th surface 5th surface
k = 0.000 65 k=0.699

A4 =1.30466e-10 A4 =2.24508e-05
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-continued -continued
Unit mm Unit mm
8th surface 12 (Stop) @ 0.42
5 13 213.328 0.70 1.90366 31.32 0.595
k =0.000 14 9.662 3.29 1.61800 63.33 0.544
A4 =8.05284e-05 15 —-95.685 0.10
16th surface 16* 11.359 4.50 1.49700 81.61 0.538
17* 192.634 12.20
k=-0.579 18* -46.287 0.70 1.49700 81.61 0.538
A4 =7.50799¢-06 10 19%* 55.888 3.89
17th surface 20% 15.242 3.43 1.58364 30.30 0.599
21%* -12.872 3.53
k =0.000 22% -9.883 0.70 1.49700 81.61 0.538
A4 =-8.03928e-05 23%* 10.330 2.47
18th surface 24%* -8.858 0.47 1.53368 55.90 0.563
15 25% 38.821 2.50
k =0.000 26 ] 0.30 1.51640 65.06 0.535
A4 =-2.62042e-04 27 ] 0.30
19th surface Image plane @
k =0.000 Aspherical surface data
A4 =2.02927e-08 20
20th surface 1st surface
k =0.000 k=0.000
A4 =1.22996e-05 A4 = -8.60855e-06
21th surface 2nd surface
k =0.000 25 k=0.000
A4 =1.31433e-04 A4 =5.67857e-05
22th surface Sth surface
k =0.000 k=-0.732
A4 =1.29005e-10 A4 = 8.88649¢-05
23th surface 30 8th surface
k =0.000 k=0.000
A4 =-8.96164e-11 A4 =9.71863e-05
24th surface 16th surface
k =0.000 35 k=-0.579
A4 =3.63415e-11 A4 =3.62332e-05
25th surface 17th surface
k =0.000 k=0.000
A4 =-8.06302e-04, A6 = -6.85664e-06 A4 =-4.68359¢-05
40 18th surface
Various data
k=0.000
NA 0.38 A4 =-3.90596e-04
Magnification -2.20 19th surface
Focal length 5.02
Image height (mm) 4.92 k=0.000
fb (mum) (in air) 250 45 A4 = 5.658326-09
Lens total length (mm) (in air) 54.08 20th surface
k=0.000
A4 =1.29627e-04
Examp]e 25 21th surface
50
k=0.000
A4 = 2.61604e-04
22th surface
Unit mm
k=0.000
Surface data 55 A4 =6.73337e-11
23th surface
Surface no. T d nd vd ogf
1* 32.463 2.90 1.84666 23.77 0.620 k=0.000
- . : : : A4 = -2.859356-10
2% -21.826 0.10 24th surface
3 -115.439 0.70 1.65412 39.68 0.574
4 19.615 071 60
5 2162 386 149700 8161  0.538 k=0000
6 24111 0.10 A4 =-1.78374e-11
7 34797 313 149700  81.61  0.538 25th surface
8* -16.663 0.10
9 -45.805 3.04  1.61800  63.33 0.544 k=0.000
10 -9.473 0.70 1.72047 34.71 0.583 65 A4 =-1.17807e-03, A6 =-1.38777e-06
11 97.538 0.68
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-continued -continued
Unit mm Unit mm
Various data 5 18th surface
NA 0.43 k=0.000
Magnification -2.55 A4 =-9.44986e-05
Focal length 4.06 19th surface
Image height (mm) 4.92
fb (mm) (in air) 3.00 k=0.000
Lens total length (mm) (in air) 55.41 10 A4 =2.20099e-08
20th surface
k=0.000
A4 =-2.09970e-04
Examp]e 26 21th surface
15
k=0.000
A4 =1.31063e-04
22th surface
Unit mm
k=0.000
Surface data 20 A4 =-492137e-11
23th surface
Surface no. T d nd vd ogf
k=0.000
1* 35.723 2.54 1.84666 23.77 0.620 A4 =-3.04317e-10
o -51.097  0.10 24th surface
3 36.176 0.71 1.65412 39.68 0.574
4 20906  0.70 25 k = 0.000
5% 23.037 3.88 1.49700 81.61 0.538 A4 =-4.31877e-12
6 -48.688  0.10 35th surface
7 28.972 4.09 1.49700 81.61 0.538
8* -14.465 0.10 k= 0.000
9 -30.479 2.71 1.61800 63.33 0.544 A4 =-1.03058e-03, A6 = —5.12548e-06
10 -11.008 0.70 1.72047 34.71 0.583 30
11 —-45.001 0.00 Various data
12(Stop) @ 0.36
13 142.278 0.70 1.90366 31.32 0.595 NA 0.40
14 7974 329 161800  63.33  0.544 Magnification 755
15 42.037 0.10 Focal length 4.53
16* 9.420 450 149700 81.61 0538 35 Image height (mm) 492
17 50.449 1108 fb (mm) (in air) 171
18 -10.686 070 1.49700 81.61  0.538 Lens total length (mm) (in air) 5112
19% 14.658 2.13
20% 8.921 3.26 1.58364 30.30 0.599
21%* -11.441 2.20
20t -6.836 070 149700  8L6L  0.538 Example 27
23%* 17.063 2.85
24%* -7.530 1.89 1.53368 55.90 0.563
25% -23.262 1.20
26 ] 0.30 1.51640 65.06 0.535
27 @ 0.31 Unit mm
Image plane @
45 Surface data
Aspherical surface data
Surface no. T d nd vd Ogf
1st surface
1* 35.661 2.32 1.84666 23.77 0.620
k =0.000 2% -73.499 0.43
A4 =2.15858e-05 50 3% 34.183 4.48 1.49700 81.61 0.538
2nd surface 4 -54.877 0.10
5 25.768 4.00 1.49700 81.61 0.538
k =0.000 6* -15.284 0.10
A4 =5.89518e-05 7 -32.854 2.97 1.61800 63.33 0.544
Sth surface 8 -10.053 0.70 1.72047 34.71 0.583
55 9 -46.051  0.05
k=1.031 10(Stop) @ 0.47
A4 =4.92091e-05 11 635.573 0.70 1.90366 31.32 0.595
8th surface 12 8.195 3.10 1.61800 63.33 0.544
13 42918 0.10
k =0.000 14% 9414 4.50 1.49700 81.61 0.538
A4 =1.43893e-04 15% 63.321 11.58
16th surface 60 16* 9781 070 149700 81.61 0538
17* 27.718 2.51
k=-0.579 18* 9.851 3.31 1.58364 30.30 0.599
A4 =1.23991e-05 19% -11.040 2.20
17th surface 20% -7.575 0.70 1.49700 81.61 0.538
21%* 13.961 2.79
k =0.000 65 22% -8.162 1.28 1.53368 55.90 0.563
A4 =-1.44605e-04 23%* -48.156 1.52
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Unit mm
® 0.30 1.51640 65.06 0.535 5 Unit mm
] 0.31
Image plane @ Surface data
Aspherical surface data Surface no. T d nd vd ogf
1st surface o 26126 252 184666 2377  0.620
2% 156.726 0.44
X = 0.000 3% 19398 3.22 149700 81.61  0.538
A4 =3.30814e-05 4 668.362  0.10
ond surface 5 22.441 4.29 1.49700 81.61 0.538
6* -18.521 0.10
X = 0.000 7 -32.011 3.31 1.61800 63.33 0.544
M =7 07042005 15 3 -10.629 070 172047 3471 0583
=1 e 9 -32981  -0.18
3rd surface 10(Stop) © 0.91
11 -54.468 0.70 1.90366 31.32 0.595
k=7.049 12 10.084 3.88  1.61800  63.33 0.544
A4 =5.92848e-05 13 -38.832 5.09
6th surface 20 14* 11.830 4.50 1.49700 81.61 0.538
15% 32.748 6.33
k =0.000 16* -51.536 0.70 1.49700 81.61 0.538
A4 =1.66928e-04 17* -5076.695 1.50
14th surface 18* 16498 450 158364 3030  0.599
19% -18.479 2.95
k=-0.579 25 20% -13.897 0.70 1.49700 81.61 0.538
Ad = 1.76892e—05 21%* 14.288 243
15th surface 22% -9.910 0.50 1.53368 55.90 0.563
23%* 19.020 1.20
24 ] 0.30 1.51640 65.06 0.535
k =0.000 25 w 0.31
A4 =-1.15869e-04 Image plane ©
16th surface 30 gep
Aspherical surface data
k =0.000
A4 =-1.90405e-04 1st surface
17th surface
35 k=0.000
k =0.000 A4 =4.45476e-05
A4 =4.29668e-08 2nd surface
18th surface
k=0.000
k=0.000 A4 =4.21609e-05
Ad = -1.26564e-04 20 3rd surface
19th surface
k=1.630
k =0.000 A4 =-6.68631e-05
A4 =2.29008e-04 6th surface
20th surface
45 k=0.000
k =0.000 A4 =1.02748e-04
A4 =-5.43091e-12 14th surface
21th surface
k=-0.579
k =0.000 A4 =-5.95923e-05
A4 =-1.28275e-10 50 15th surface
22th surface
k=0.000
k = 0.000 A4 =-1.92311e-04
Ad = -4.59881e-11 16th surface
23th surface
55 k=0.000
Kk = 0.000 A4 =-2.60712e-04
A4 = -1.00347e-03, A6 = ~7.29887e-06 17th surface
. k=0.000
Various data A4 =3.61925¢-09
60 18th surface
NA 0.40
Magnification -2.55 % = 0.000
Focal length 4.30 A4 = 6.14546e-07
Image height (mm) 492 19th surface
fb (mm) (in air) 2.02
Lens total length (mm) (in air) 51.12 65 k = 0.000

A4 =8.97691e-05
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Unit mm Unit mm
20th surface 5 3rd surface
k =0.000 k=1.920
A4 =7.96105e-11 A4 =-6.92724e-05
21th surface 6th surface
k =0.000 k=0.000
A4 =1.79636e-10 10 A4 =1.06996e-04
22th surface 14th surface
k =0.000 k=-0.579
A4 =2.08521e-10 Ad = -5.87534e-05
23th surface 15th surface
B k=0.000
k =0.000 e
A4 =-1.97727e-04
A4 =-7.36017e-04, A6 = 1.85128e-08 16th surface
Various data k= 0.000
20 A4 =-3.03525e-04
NA 0.40 17th surface
Magnification -1.60
Focal length 5.39 k= 0.000
Image height (mm) 492 A4 =2.27302e-08
fb (mm) (in air) 1.71 18th surface
Lens total length (mm) (in air) 50.89
25 k=0.000
A4 =1.91296e-05
19th surface
Example 29 k=0.000
A4 =1.02712e-04
30 20th surface
k=0.000
Unit mm A4 =9.87048e-11
21th surface
Surface data
35 k=0.000
Surface no. T d nd vd ogf A4 =9.22769-11
22th surface
1* 25.723 3.03 1.84666 23.77 0.620
2% 149.616 0.54 k= 0.000
3* 19.523 3.74 1.49700 81.61 0.538 A4 =9.06991e-11
4 156.580 0.10 40 23th surface
5 20.438 3.50 1.49700 81.61 0.538
6* -18.183 0.15 k= 0.000
7 -28.405 3.65 1.61800 63.33 0.544 A4 = -8.67255e-04, A6 = 8.57757e-07
8 -10.074 0.70 1.72047 34.71 0.583
9 -29.736 0.03 Various data
10(Stop) @ 0.98
11 -37.887 0.70 1.90366  31.32 0.595 45 NA 031
12 10.973 3.19 1.61800 63.33 0.544 Magnification -1.56
13 -29.734 5.20 Focal length 5.41
14 11850 446 149700 81.61 0538 Image height (mm) 492
15% 32.907 6.37 fb (mm) (in air) 1.70
16* -43.174 070 149700 81.61  0.538 Lens total length (mm) (in air) 50.87
17* —-583.895 1.39 50
18* 16.200 4.17 1.58364 30.30 0.599
19% -16.507 2.96
20% -13.182 070 149700 81.61  0.538 Example 30
21%* 14.167 241
22% -9.282 0.50 1.53368 55.90 0.563
23* 18.028 120 55
24 ] 0.30 1.51640 65.06 0.535
25 @ 0.31 Unit mm
Image plane @
Surface data
Aspherical surface data
60 Surface no. T d nd vd Ogf
1st surface
1* 19.930 3.24 1.84666 23.77 0.620
k =0.000 2% 61.126 0.64
A4 =4.82416e-05 3% 20.022 2.36 1.49700 81.61 0.538
2nd surface 4 64.679 0.10
5 14.877 3.79 1.49700 81.61 0.538
k =0.000 65 6* -20728 044
A4 =4.12737e-05 7 -22.514 2.78 1.61800 63.33 0.544
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Unit mm Unit mm
8 -8.591 070  1.72047 3471  0.583 fb (mm) (in air) 1.70
9 -28.840 0.09 5 Lens total length (mm) (in air) 50.72
10(Stop) @ 0.69
11 -75.968 0.70 1.90366 31.32 0.595
12 10.025 3.17 1.61800 63.33 0.544
13 -47.134 7.43
14* 11.048 4.18 1.49700 81.61 0.538 Example 31
15% 29.122 8.18 10
16* 16.083 3.74 1.58364 30.30 0.599
17* -23.253 3.00
18* -11.275 0.70 1.49700 81.61 0.538
19* 22.496 2.40 Unit mm
20% -8.030 0.70 1.53368 55.90 0.563
21% 19.993 1.20 15 Surface data
22 @ 0.30 1.51640 65.06 0.535
23 © 0.31 Surface no. T d nd vd Ogf
Image plane @
1* 22.255 1.40 1.84666 23.77 0.620
Aspherical surface data 2% 49.454 0.10
20 3* 15.934 1.56 1.49700 81.61 0.538
1st surface 4 49.074 0.10
5 8.678 2.60 1.49700 81.61 0.538
k =0.000 6* 24.865 0.10
A4 = 5.96209e-05 7 16.464 2.59 1.62041 60.29 0.543
ond surface 8 -16.180 0.71  1.72047 3471 0583
9 20.086 0.50
k = 0.000 25 10(Stop) @ -0.14
A4 =4.52358-05 11 16.335 0.77 1.90366 31.32 0.595
3rd surface 12 4955 254 1.62041  60.29  0.543
13 13.367 0.10
k= 3.494 14% 8375 354 149700 81.61  0.538
Ad = -1.04703¢-04 15 12.841 526
6th surface 30 16* 18.465 1.08 1.49700 81.61 0.538
17* 20987  1.60
*
k = 0.000 }g* _géig 3?61 1.58364 30.30 0.599
A4 =1.16629¢-04 20 -7110 080 149700 81.61  0.538
14th surface 21 6864 438
35 22% 38.244 1.35 1.53368 55.90 0.563
k=-0.579 23* 40.675 1.79
A4 = -1.22009¢-05 24 @ 038  1.51640  65.06  0.535
15th surface 25 @ 0.31
Image plane @
k =0.000
A4 =9.35253e-06 40 Aspherical surface data
16th surface
1st surface
k =0.000
A4 = -4.21205¢-05 k=0.000
17th surface A4 =9.39832e-05
2nd surface
k =0.000 4
: k=0.000
A4 =3.29945e-05 Ad = 2.631246-05
18th surface 3rd surface
A4 =2.14586e-04 50 A4 =-8.38701e-05
19h surface 6th surface
k =0.000 k=0.000
A4 =2.96805e-04 A4 =2.34844e-04
20th surface 14th surface
55
k =0.000 k=-0.579
A4 =8.17176e-05 A4 =-1.61090e-04
51th surface 15th surface
k=0.000
k =0.000
A4 =-6.90519¢-04, A6 = 7.86063e-07 60 [1\64&_;'1‘6512:16 03
Various data k = 0.000
A4 =-2.20378e-04
NA 031 17th surface
Magnification -1.55
Focal length 5.52 65 k = 0.000

Image height (mm) 4.92

A4 =1.44465¢-04



US 9,151,937 B2

163 164
-continued -continued
Unit mm Unit mm
18th surface 5 2nd surface
k =0.000 k=0.000
A4 =5.22295e-05 A4 =5.45929¢-05
19th surface 3rd surface
k =0.000 k=0.635
A4 =-1.67837e-04 10 A4 =-3.35884e-05
20th surface 6th surface
k =0.000 k=0.000
A4 =2.06606e-04 A4 =1.78338e-04
21th surface 14th surface
15
k =0.000 k=-0.579
A4 =-1.79135e-04 A4 =-1.63080e-07
22th surface 15th surface
k =0.000 k=0.000
A4 =-1.13764e-04 20 A4 =7.02281e-08
23th surface 16th surface
k =0.000 k=0.000
A4 =-6.19905e-04, A6 = -1.16506e-05 A4 =-2.61423e-04
17th surface
Various data
23 k=0.000
NA 0.20 A4 =-6.18829e-04
Magnification -2.00 18th surface
Focal length 6.48
Image height (mm) 4.92 k=0.000
fb (mm) (in air) 2.35 Ad =4.05381e~10
Lens total length (mm) (in air) 38.99 30 19th surface
k=0.000
A4 =-6.67366e-10
Examp]e 32 20th surface
35 k=0.000
A4 =3.21970e-10
21th surface
Unit mm
k=0.000
Surface data A4 =2.90162e-04, A6 = -7.28026e-06
Surface no. T d nd vd ogf 40 Various data
1* 18.031 1.98 1.84666 23.77 0.620 NA 0.23
2% 33.383 0.30 Magnification -2.00
3% 14.122 2.63 1.49700 81.61 0.538 Focal length 10.51
4 112.900 0.10 Image height (mm) 4.92
5 10.797 281  1.49700 81.61 0538 45 fb (mm) (in air) 283
6* 43.886 0.22 Lens total length (mm) (in air) 44.85
7 23.680 2.64 1.61800 63.33 0.544
8 -13.093 0.70 1.72047 34.71 0.583
9 24.412 0.49
10(Stop) w -0.33 Example 33
11 21.319 0.72 1.90366 31.32 0.595 50
12 5.225 2.41 1.61800 63.33 0.544
13 10.578 0.10
14% 7.000 3.27 1.49700 81.61 0.538
15% 8979 972 Unit mm
16* 11.132 4.18 1.58364 30.30 0.599
17* -33.189 2.46 55 Surface data
18* -6.616 0.73 1.49700 81.61 0.538
19% 19.087 5.41 Surface no. T d nd vd Ogf
20% -10.000 1.47 1.53368 55.90 0.563
21%* -8.861 2.27 1* 20.173 2.85 1.84666 23.77 0.620
22 ] 0.38 1.51640 65.06 0.535 2% 44.670 0.10
23 ] 0.31 3 22.987 0.70 1.65412 39.68 0.574
Image planc @ 60 4 13.553 0.10
5% 11.056 541 1.49700 81.61 0.538
Aspherical surface data 6 -117.884 0.10
7 15.197 348 1.49700 81.61 0.538
1st surface 8* -137.586 0.10
9 40.695 3.13 1.61800 63.33 0.544
k =0.000 65 10 -15.237 0.70 1.72047 34.71 0.583
A4 = 6.50944¢-05 11 13.540 0.95
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Unit mm
12(Stop) © -0.41 Uni
13 21.538 070 190366 3132 0595 O it mm
14 6.309 236 1.61800  63.33  0.544 Surface data
15 11.008 0.10
*
ig* 52.24712 z.gg 1.49700  81.61  0.538 Surface 10, . d nd vd Oaf
* _
18* 6.796 0.70  1.49700  81.61  0.538 o 30.333 343 184666 2377 0.620
ig* 13.23491 gé} 1.58364 3030 0.599 i -17.121 0.96
. : : : : : 3* -13.803 0.88 1.58364  30.30 0.599
2* _12'3?3 (1)';3 1.49700  81.61  0.538 it 13.612 011
3 ;4'381 454 : : : 5% 11.200 3.75 1.49700 81.61 0.538
24 w 038 151640 6506  0.533 6 =27:395 0.10
55 - 030 : : : s 7 15.356 3.57 1.49700 81.61 0.538
: g* -16.003 0.10
Image plane « 9 17.504 2.87  1.61800 63.33 0.544
enhorical surface dat 10 -11.810 0.70 1.72047 3471 0.583
spherical surtace data 11 8.574 0.97
12 (Stop) © 0.56
Lst surface 13 -53.831 0.70  1.72047 3471 0.583
20 14 6.850 2.02 1.61800 63.33 0.544
o ssiets 15 23.795 2.48
e ‘rf' e 16* 16.577 4.50 1.49700 81.61 0.538
nid surlace 17% -46.561 1.38
18% 20.918 244 149700 81.61 0.538
o 3506 19% 198.692 230
Sth__f. e 55 20% 15.525 2.93 1.63490 23.88 0.630
surlace 21% -50.829 5.23
2% -9.522 0.71 1.53368  55.90 0.563
O res 23% 17577 1.58
m“f' e 24 -21.349 0.92 1.53368  55.90 0.563
surlace 25% 27.363 0.66
26 © 0.38 1.51640  65.06 0.535
k = 0.000 30 5 w 0.30
A4 = 6.95514e-05 Image plane w
16th surface gep
K= —0.579 Aspherical surface data
A4 = -2.22085e-04
2nd surface
17th surface 35 k=-3.179
Kk = 0.000 3rd surface
= k =0.000
‘1}4; “&216516‘04 Ad = 7.368356-05
surlace 4th surface
k =0.000
1[:: 0.020618686 o 40 Ad = -1.21732e-04
= B Sth surface
19th surface k=-0.072
0,000 A4 = -1.81623e-04
=4 8th surface
A4 =-7.75281e-04 k=-6.612
20th surface 45 A4 =3.49560e-05
16th surface
k = 0.000 k=-0.579
A4 = -6.02773e-04 A4 =1.35029e-04
21th surface 17th surface
k =0.000
k =0.000 50 A4 =2.51766e-04
A4 = -6.83570e-03 18th surface
22th surface k=0.000
A4 =2.91305e-04
X = 0.000 19th surface
e k =0.000
A4 =1.18563e-09 AL = 6.433676-05
23th surface 55 20th surface
0,000 k=-1.062
=0. A4 =1.69562e-04
A4 = -1.14221e-09, A6 = -1.28369¢-05 21th surface
k =0.000
Various data A4 =2.58930e-04
60 22th surface
NA 0.23 k =0.000
Magnification -1.33 A4 =-4.19918e-04
Focal length 10.24 23th surface
Image height (mm) 4.92 k =0.000
fb (mm) (in air) 5.09 A4 =-1.49907e-04
Lens total length (mm) (in air) 43.88 65 24th surface

k =0.000
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Unit mm Unit mm
A4 =157977e-04 5 16th surface
25th surface K= -0579
k=0.000 A4 =8.24143e-06
A4 =-4.67783e-04 17th surface
Various data k =0.000
10 A4 =2.95157e-05
NA 0.23 18th surface
Magnification -1.33 k= 4329
Focal length 6.71 Ad — 1.98827e—04
Image height (mm) 4.92 19th surface
fb (mm) (in air) 1.21 15
Lens total length (mm) (in air) 46.39 k =0.000
A4 =1.82474e-04
20th surface
k =0.000
Example 35 20 A4 = -5.85060e-05
21th surface
k =0.000
A4 =7.89211e-12
Unit mm 22th surface
Surface data 25 k = 0.000
Surface no. T d nd vd Ogf ?;{ suil;jj: 85e-04
1 31.851 3.46 1.84666 23.77 0.620
2 -16956  0.92 ke=0.000
3 -14.469 079 158364 3030 0599 30 Ak =-3.50486e-04
4% 13.498 0.11 -
5% 11.902 3.99 1.49700 81.61 0.538 Various data
6 -24.185 0.10
7 15.502 3.62 1.49700 81.61 0.538 NA 0.23
8* -16.536 0.10 Magnification -1.33
9 17.521 2.82 1.61800 63.33 0.544 35 Focal length 6.94
10 -12.188 070 172047 3471  0.583 Image height (mm) 4.92
11 8905 1.9 fb (mm) (in air) 1.39
12(Stop) i 0.87 Lens total length (mm) (in air) 46.76
13 -25.439 0.70 1.72047 34.71 0.583
14 7.636 2.05 1.61800 63.33 0.544
15 40.459 3.76 40
16* 12.506 4.08 1.49700 81.61 0.538
17* —25.450  4.84 Example 36
18* 16.621 291 1.63490 23.88 0.630
19% -45.468 5.15
20% -11.176 0.70 1.53368 55.90 0.563
21%* 28.944 1.68
22 -16.379 070 153368 5590 0563 45 Unit mm
23%* 19.903 0.84
24 ] 0.38 1.51640 65.06 0.535 Surface data
25 ] 0.30
Image plane @ Surface no. T d nd vd Ogf
Aspherical surface data 50 1 36.714 3.44 1.84666 23.77 0.620
2% -16.452 0.92
2nd surface 3% -14.367 0.70 1.58364 30.30 0.599
4% 13.393 0.36
k=-3.154 5% 12.942 3.94 1.49700 81.61 0.538
3rd surface 6 -22.078 0.10
55 7 13.900 3.96 1.49700 81.61 0.538
k =0.000 8* -17.689 0.30
A4 =4.19783e-05 9 17.537 2.78 1.61800 63.33 0.544
4th surface 10 -13.673 0.70 1.72047 34.71 0.583
11 9.167 1.30
k = 0.000 12(Stop) @ 0.93
A4 =-1.40144e-04 13 -18.729 0.70 1.72047 34.71 0.583
Sth surface 60 14 7839 204 161800 6333 0544
15 43.718 4.70
k=0.014 16* 11.769 4.45 1.49700 81.61 0.538
A4 =-1.86929¢-04 17* -21.669 4.26
8th surface 18* 14.851 2.87 1.63490 23.88 0.630
19% -125.046 5.08
k=-4.445 65 0% -7.502 0.70 1.53368 55.90 0.563
A4 =2.87986e-05 21%* 12.654 2.99
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Unit mm Unit mm
22 ] 0.38 1.51640 65.06 0.535 7 18.037 348 1.49700 81.61 0.538
23 ] 0.30 5 8* -15.488 0.30
Image plane ] 9 17.578 2.82 1.61800 63.33 0.544
10 -11.708 0.71 1.72047 34.71 0.583
Aspherical surface data 11 8.764 1.28
12(Stop) @ 0.86
2nd surface 13 -50.664 1.06 1.72047 34.71 0.583
10 14 6.843 3.93 1.61800 63.33 0.544
k=-2.632 15 22.209 3.20
3rd surface 16* 18.515 3.84 1.49700 81.61 0.538
17* -19.905 0.36
k =0.000 18* 61.312 244 1.49700 81.61 0.538
A4 =2.85023e-05 19% -138.576 1.98
4th surface 15 20%* 16.819 3.04 1.63490 23.88 0.630
21%* -44.496 5.21
k =0.000 22% —-6.697 0.83 1.53368 55.90 0.563
A4 =-1.67992e-04 23%* 12.737 1.65
5th surface 24 91.429 0.70 1.53368 55.90 0.563
25 100.508 0.51
k=-0.266 20 26 ] 0.38 1.51640 65.06 0.535
A4 =-1.93461e-04 27 ] 0.30
8th surface Image plane @
k=-4.885 Aspherical surface data
A4 =-9.96312e-06
16th surface 25 2nd surface
k=-0.579 k=-3.277
A4 =1.15323e-05 3rd surface
17th surface
k =0.000
k =0.000 A4 =8.48353e-05
A4 =8.61252e-05 30 4th surface
18th surface
k =0.000
k=-1.042 A4 =-1.01898e-04
A4 =5.95706e-05 5th surface
19th surface
35 k=-0.286
k =0.000 A4 =-1.38466e-04
A4 =8.8035%-05 8th surface
20th surface
k=-5.555
k =0.000 A4 =4.80018e-05
A4 =4.18334e-04 40 16th surface
21th surface
k=-0.579
k =0.000 A4 =1.25353e-04
A4 =-2.24974e-04 17th surface
Various data k =0.000
43 Ad = 2.20448¢-04
NA 0.23 18th surface
Magnification -1.33
Focal length 8.73 k =0.000
Image height (mm) 4.92 A4 =3.34293e-04
Fb (mm) (in air) 3.55 19th surface
Lens total length (mm) (in air) 4777 50
k =0.000
A4 =1.43266e-04
20th surface
Example 37
k=-4.552
55 A4 =2.56841e-04
21th surface
Unit mm k = 0.000
Ad = 2.84837e-04
Surface data 29th surface
Surface no. T d nd vd ogf 60
k =0.000
1 35.018 351 1.84666 23.77  0.620 A4 =2.73060e-04
2% -16.160 0.79 23th surface
3% -14.606 0.70 1.58364 30.30 0.599
4% 12.706 0.30 k=0.000
5% 10.540 4.39 1.49700 81.61 0.538 65 A4 =-9.16648e-04
6 -25.094 0.10
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Unit mm 18th surface
Various data k =0.000
3 A4 = 2.23578e-04
NA 0.23 19th surface
Magnification -1.33
Focal length 8.25 k =0.000
Image height (mm) 4.92 A4 =1.34637e-04
fb (mm) (in air) 1.06 20th surface
Lens total length (mm) (in air) 48.56 10
k=-3.507
A4 =3.22843e-04
21th surface
Example 38
k =0.000
15 Ad = 3.61442e-04
22th surface
Unit mm k = 0.000
Ad = -5.63782e~04
Surface data 23th surface
20
Surface no. T d nd vd ogf Kk = 0.000
1 49.656 3.9 1.84666 2377 0.620 Ad=-1.15728¢-03
2% -17.011 0.30 -
3% -16.943 0.70 1.58364 30.30 0.599 Various data
4% 15.231 0.30
5% 12.554 518 149700 81.61 0.538 25 NA 0.23
6 -22.778 0.10 Magnification -1.33
7 19.262 4.38 1.49700 81.61 0.538 Focal length 9.31
8* -14.960 0.30 Image height (mm) 4.92
9 23.487 273 161800 63.33  0.544 fb (mm) (in air) 3.49
10 -17.685 0.70 172047 3471  0.583 Lens total length (mm) (in air) 53.44
11 9.522 1.44 30
12(Stop) @ 0.85
13 -38.910 0.70 1.72047 34.71 0.583
14 6.507 2.02 1.61800 63.33 0.544
15 13.505 1.43 Example 39
16* 14.532 8.57 1.49700 81.61 0.538
17* 57.509 0.41 35
18* 13.489 4.45 1.49700 81.61 0.538
19% —-401.830 1.74
20% 15.589 351 1.63490  23.88  0.630 Unit mm
21%* -58.753 4.86
22% -7.832 1.58 1.53368 55.90 0.563 Surface data
23%* 15.936 2.94 40
24 @ 0.38 1.51640 65.06 0.535 Surface no. T d nd vd Ogf
25 ] 0.30
Image plane ] 1* 15.101 3.29 1.49700 81.61 0.538
2% -1411.511 0.81
Aspherical surface data 3 -675.554 0.86 1.50220 54.74 0.551
4 13.373 1.32
2nd surface 45 5% 14.021 503 149700 81.61  0.538
6 -18.164 0.10
k=-2.652 7 14.881 3.21 1.49700 81.61 0.538
3rd surface 8* -54.750 0.32
9 50.000 3.52 1.61800 63.33 0.544
k =0.000 10 -18.151 1.71 1.72047 34.71 0.583
A4 =-1.47660e-05 50 11 —-3000.000 0.50
4th surface 12(Stop) @ 0.37
13 47.485 4.43 1.75500 52.32 0.547
k =0.000 14 -30.000 1.93 1.71775 32.36 0.593
A4 =-1.00180e-04 15 6.109 3.62
5th surface 16* -7.419 4.50 1.49700 81.61 0.538
55 17% -8241 090
k=-0.298 18* 12.630 4.46 1.80610 40.40 0.570
A4 =-1.23946e-04 19% -59.865 3.19
8th surface 20% -14.507 1.72 1.60614 32.96 0.598
21%* 19.347 1.54
k=-4.494 22 ] 0.38 1.51640 65.06 0.535
A4 =1.28557e-05 23 ] 0.31
16th surface 60 Image plane @
k=-0.579 Aspherical surface data
A4 =1.96708e-04
17th surface 1st surface
k =0.000 65 k =0.000

A4 =1.64979e-04

A4 = 6.55745¢-05
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Unit mm Unit mm
2nd surface 20% 20.278 143
5 21 ] 0.38 1.51640 65.06 0.535
k =0.000 22 ] 0.31
A4 =1.15283e-04 Image plane @
Sth surface
Aspherical surface data
k =-0.990
A4 =1.66321e-05 10 1st surface
8th surface
k=0.000
k =0.000 A4 =7.72147e-06, A6 = -1.56655e-07
A4 =1.25514e-04 2nd surface
16th surface
15 k=0.000
k=-0.579 A4 =4.95212e-06
A4 =-1.39447e-05 3rd surface
17th surface
k=0.000
k =0.000 A4 =7.51990e-06
A4 =6.26727e-05 20 4th surface
18th surface
k=-0.280
k =0.000 A4 =-4.12102e-05
A4 =-5.34476e-05 7th surface
19th surface
k=0.000
k =0.000 23 A4 =9.26104e-05
A4 =-7.96647e-05 15th surface
20th surface
k=-0.579
k =0.000 A4 =-1.80982e-05
A4 =6.62595¢-05 16th surface
21th surface 30
k=0.000
k =0.000 A4 = 6.97386e-05
A4 =-6.63922e-05, A6 = -4.52844e-06 17th surface
Various data k=0.000
35 Ad = -8.07041e-05
NA 0.23 18th surface
Magnification -1.30
Focal length 11.64 k=0.000
Image height (mm) 4.92 A4 =-142087e-04
fb (mm) (in air) 2.10 19th surface
Lens total length (mm) (in air) 47.88 40
k=0.000
A4 =1.27864e-04
20th surface
Example 40
k=0.000
45 A4 =-1.23475e-04, A6 = -7.64122e-06
Various data
Unit mm
NA 0.23
Surface data Magnification -1.30
Focal length 11.19
Surface no. T d nd vd Ogf 50 Image height(mm) 492
fb(mm) (in air) 1.99
1% 13980 556 149700 81.61  0.538 Lens total length(mm) (in air) 47.51
2% —-20.000 0.90 1.51633 64.06 0.533
3% 13.407 1.32
4% 13.448 4.59 1.49700 81.61 0.538
5 -23.931  0.10 55 Example 41
6 20.404 3.02 1.49700 81.61 0.538
7* -54.118 0.30
8 15.790 4.48 1.61800 63.33 0.544
9 -19.586 0.70 1.72047 34.71 0.583
10 16357 0.91 Unit mm
11(Stop) @ 0.94 6
12 14.986 4.50 1.75500 52.32 0.547 Surface data
13 -30.000 1.15 1.62588 35.70 0.589
14 5.558 3.03 Surface no. T d nd vd Ogf
15% -7.759 4.50 1.49700 81.61 0.538
16* -9.446 0.30 1 25.769 1.00 1.78800 47.37 0.556
17* 14.699 4.50 1.80610 40.40 0.570 2 18.855 2.85 1.84666 23.78 0.620
18* -33.410  2.70 65 3 -40476  5.37
19% -12.364 2.02 1.53368 55.90 0.563 4% -12.747 0.60 1.58366 30.23 0.594
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Unit mm

5% 11.476 0.10

6* 8.066 3.75 1.49700 81.61 0.538

7* -8.996 0.10

8 24.048 2.60 1.61800 63.33 0.544

9 —-8.000 1.00 1.72047 34.71 0.583
10 26.872 1.85
11(Stop) @ 0.30
12 9.076 0.60 1.90366 31.32 0.595
13 5.849 1.82 1.53996 59.46 0.544
14 16.303 1.19
15 10.078 2.13 1.49700 81.61 0.538
16 27.029 0.10
17* 14.378 3.00 1.63491 23.81 0.624
18* -11.061 0.10
19 30.935 1.06 1.49700 81.61 0.538
20 5.275 2.65
21 -8.961 3.00 1.75299 26.43 0.613
22 -10.149 5.48
23%* -7.320 0.60 1.63491 23.81 0.624
24%* 17.259 1.08
25 ] 0.38 1.51641 65.06 0.535
26 ] 0.29
Image plane @

Aspherical surface data

4th surface

k =0.000
A4 =-1.76429e-04, A6 = 6.30527e-07
5th surface

k =0.000
A4 =-2.32457e-04, A6 = -6.86686e-07
6th surface

k=-1.081
A4 =-2.89278e-04, A6 = 1.34631e-06
7th surface

k=-0.300
A4 =4.59425e¢-05, A6 = 1.49990e-06
17th surface

k =0.000
A4 =-2.67915e-04, A6 = -3.04912e-06, A8 = -1.25579e-07
18th surface

k =0.000
A4 =3.85802e-04, A6 = -8.69760e-06, AR = -2.98874e-08
23th surface

k =0.000
A4 =8.84524e-04, A6 = -1.13249¢-05, A8 = 3.91153e-07
24th surface

k =0.000
A4 =-6.21360e-04, A6 = 1.53368e-05, A8 = -3.89452¢-07

Various data

NA 0.23
Magnification -1.32
Focal length 534
Image height(mm) 4.75
fb(mm) (in air) 1.63
Lens total length(mm) (in air) 42.87

10

20

25

30

35

40

45

50

55

60

65

176
Example 42

Unit mm

Surface data

Surface no. T d nd vd Ogf
1 40.476 1.93 1.84666  23.78  0.620
2 -18.855 1.00 1.78800  47.37  0.556
3 -25.769 5.63
4% -12.272 1.63 1.58366  30.23  0.594
5% 12.511 0.10
6* 8.053 3.59 1.49700  81.61 0.538
7* -9.092 0.10
8 36.029 241 1.61800  63.33  0.544
9 -8.000 1.85 1.72047 3471 0.583

10 127.453 0.79

11(Stop) o 0.30

12 11.461 0.60 1.90366  31.32  0.595

13 5.817 1.60 1.53996  59.46  0.544

14 12.210 0.10

15 8.567 1.27 1.48749  70.23 0530

16 13.023 0.57

17 12.975 1.75 1.49700  81.61 0.538

18 21.711 0.10

19* 13.032 3.00 1.63491  23.81 0.624

20% -10.432 0.10

21 32.856 1.80 1.49700  81.61 0.538

22 5.469 3.30

23 -8.726 3.00 1.84666  23.78  0.618

24 -9.698 4.14

25% -7.320 0.60 1.63491  23.81 0.624

26* 17.259 1.08

27 o 0.38 1.51641 65.06  0.535

28 o 0.30

Image plane @

Aspherical surface data

4th surface

k =0.000
A4 =-2.20622e-04, A6 = 1.84877e-06
5th surface

k =0.000
A4 =-2.39829e-04, A6 = 1.41106e-06
6th surface

k=-1.082
A4 =-2.94477e-04, A6 = 2.15880e-06
7th surface

k=-0.170
A4 =9.04640e-05, A6 = 1.74380e-06
19th surface

k =0.000
A4 =-1.93247e-04, A6 = -2.53963e-06, A8 = -5.80800e-08
20th surface

k =0.000
A4 =3.92431e-04, A6 = -6.94103e-06, A8 = 2.82007e-08
25th surface

k =0.000
A4 =8.84524e-04, A6 = -1.13249e-05, A8 = 3.91153e-07
26th surface

k =0.000
A4 =-6.21360e-04, A6 = 1.53368e-05, A8 = -3.89452¢-07

Various data

NA 0.23
Magnification -1.32
Focal length 5.31
Image height(mm) 4.75
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Unit mm Unit mm
L 19th surface
fb(mm) (in air) 1.63 5
Lens total length(mm) (in air) 42.87 k =0.000
A4 =5.73551e-06
20th surface
k=0.000
Example 43 10 A4 =2.95534e-06
21th surface
k=0.000
A4 =-1.18942e-06
Unit mm 22th surface
Surface data b k =0.000
A4 =2.62449¢-06
Surface no. T d nd vd ogf 23th surface
1 32.668 343 1.84666  23.77  0.620 k =0.000
2 -16.839  0.79 2 A4 =-2.59746e-06
3 -14.534 070 158364  30.30  0.599
4% 13.753 0.35 Various data
5 13429 398 149700 81.61  0.538
6 -19.967  0.10 NA 0.23
7 15031  3.74 149700 81.61  0.538 Magnification ~1.33
8* -17.691 0.30 Focal length 7.78
9 17.346 279  1.61800  63.33  0.544 25 Image height(mm) 492
10 -12.239 070 172047 3471  0.583 fb(mm) (in air) 135
11 9.694 1.03 Lens total length(mm) (in air) 48.97
12(Stop) o 1.14
13 -19.591 070 172047 3471  0.583
14 7.666  2.09  1.61800  63.33  0.544
15 39.824  5.19 30 Example 44
16% 13.644 565 149700 81.61  0.538
17% -18.626  3.78
18% 18.113  2.84  1.63490  23.88  0.630
19% -72.883 498 Unit mm
20% -17.228 070 1.53368 5590  0.563
21% 19.172 L78 35 Surface data
22% -13.391  0.84  1.53368 5590  0.563
23% 32.664 0.80 Surface no. T d nd vd Ogf
24 o 038  1.51640  65.06  0.535
25 o 0.30 1 36494 332 1.84666 2377  0.620
Image plane @ 2% -16015 072
: 40 3 -14579 071 158364  30.30  0.599
Aspherical surface data 4% 16.856 041
5 16777  3.81 149700  81.61  0.538
2nd surface 6 -15718  0.10
7 19072 337 149700 81.61  0.538
k=-2.852 8% -17469 030
3rd surface 45 9 17.675 270  1.61800 63.33 0544
10 -12437 070 172047 3471  0.583
k=0.000 11 8495  1.08
A4 =3.99545e-06 12(Stop) @ 0.82
4th surface 13 -14.896 070 172047 3471 0583
14 10195  1.80  1.61800  63.33  0.544
k=0.000 15 27.848  1.85
A4 =-1.80111e-04 50 16% 15325 504 149700 81.61  0.538
Sth surface 17* -10454  9.60
18% 13414 288  1.63490  23.88  0.630
k=0.023 19% 990.845 474
A4 =-1.98268e-04 20% -11.800 070  1.53368 5590  0.563
8th surface 21% 51656 121
55 20% -22343 070 153368 5590  0.563
k=-2.944 23% 18755 1.20
A4 =1.69124¢-05 24 @ 038 151640  65.06  0.535
16th surface 25 @ 0.30
(o]
k= —0.579 Image plane
A4 =-6.22198e-05 60 Aspherical surface data
17th surface
2nd surface
k=0.000
A4 =1.32946e-05 k=-2354
18th surface 3rd surface
k=-1.194 65

A4 =227221e-07

k =0.000
A4 = -1.41730e-05
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Unit mm Unit mm
4th surface 12(Stop) @ 0.85
5 13 -15.256 0.76 1.72047 34.71 0.583
k =0.000 14 17.797 1.70 1.61800 63.33 0.544
A4 =-1.08331e-04 15 48.679 1.26
5th surface 16* 14.757 3.95 1.49700 81.61 0.538
17* -9.274 14.60
k=0.711 18* 12.062 2.80 1.63490 23.88 0.630
A4 =-2.05079¢-04 10 19% 97.824 2.82
8th surface 20% -17.861 0.70 1.53368 55.90 0.563
21%* 237.695 1.46
k=-1.019 22% -11.342 0.70 1.53368 55.90 0.563
A4 =6.63327e-06 23%* 17.018 1.20
16th surface 24 ] 0.38 1.51640 65.06 0.535
15 25 @ 0.30
k=-0.579 Image plane @
A4 =-1.14177e-04
17th surface Aspherical surface data
k =0.000 2nd surface
A4 =3.77032e-05 20
18th surface k=-2.161
3rd surface
k=0.662
A4 =-1.06116e-05 k =0.000
19th surface A4 =1.48176e-04
4th surface
k =0.000 25
A4 =1.38376e-05 k =0.000
20th surface A4 =2.73952e-05
5th surface
k =0.000
A4 =3.62602e-06 k=10.865
21th surface 30 A4 = -1.41264e-04
8th surface
k =0.000
A4 =-2.19557e-06 k=-1.121
22th surface A4 =5.97656e-05
16th surface
k =0.000 35
A4 =4.13364e-06 k=-0.579
23th surface A4 =-1.45146e-04
17th surface
k =0.000
A4 =-2.84367e-06 k =0.000
40 A4 =5.53442e-05
Various data 18th surface
NA 0.23 k=0.704
Magnification -1.33 Ad =-1.23220e-05
Focal length 7.87 19th surface
Image height(mm) 4.92
fo(mum) (in air) 175 4 K = 0,000
Lens total length(mm) (in air) 49.02 Ad =.4.7443le—06
20th surface
k =0.000
Example 45 50 A4 =1.29150e-06
21th surface
k =0.000
Unit mm Ad =1.11008¢-06
22th surface
Surface data 55
k =0.000
Surface no. T d nd vd ogf Ad = 2.59060e-06
23th surface
1 74.956 2.98 1.84666 23.77 0.620
2% -14.732 0.57
k =0.000
3% -12.899 0.70 1.58364 30.30 0.599
4% 43.976 0.34 60 A4 =-1.53883e-06
5% 33.291 3.01 1.49700 81.61 0.538 .
6 -17.492  0.10 Various data
7 15.494 3.16 1.49700 81.61 0.538
g* -22.742  0.30 NA 0.23
9 16.979 257  1.61800  63.33  0.544 Magnification -1.33
10 -17.660 070 172047 3471 0583 65 Focal length 7.55
11 7.386 1.26 Image height(mm) 4.92
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Unit mm Unit mm
fb(mm) (in air) 1.75 5 19th surface
Lens total length(mm) (in air) 49.05
k = 0.000
A4 =1.97223e-06
20th surface
Example 46 10 k = 0.000
A4 = 4.00526e-07
21th surface
Unit mm k = 0.000
15 A4 = 8.92606e-07
Surface data 22th surface
Surface no. T d nd vd ogf % =0.000
A4 =5.45128e-07
1 71.023 2.80  1.84666 2377  0.620 23th surface
2% -14.922 0.95
3% _12.661 070 158364 3030 0599 2V
4% 52837 032 k =0.000
5% 34.772 272 149700  81.61  0.538 A4 = -3.69544e-07
6 -16.453 0.10
7 17.240 271 149700  81.61  0.538 Various data
g* -21.457 0.30
9 17.407 253 1.61800  63.33  0.544 25 NA 0.20
}(1) —1;:8?2 (1);;) 1.72047 3471  0.583 Magnification 133
12(Stop) © 0.75 Focal length 7.55
13 -16.751 077 172047 3471  0.583 Image height(mm) 4.92
14 18.568 171 1.61800  63.33  0.544 fb(mm) (in air) 1.75
15 54.564 1.28 30 Lens total length(mm) (in air) 49.05
16* 16.776 375 149700  81.61  0.538
17* -8.639  15.60
18*% 12.605 273 1.63490  23.88  0.630
19* 175.251 2.76
20% -17.864 070  1.53368 5590  0.563 Example 47
21% 246.294 1.46 35
22% -11.062 070  1.53368 5590  0.563
23% 16.891 1.20
24 © 0.38  1.51640  65.06  0.535
25 @ 0.30 Unit mm
Image plane @
40 Surface data
Aspherical surface data
Surface
2nd surface no. T d nd vd ogf
k=-2471 1 53.186 3.31 1.84666  23.77 0.620
3rd surface 2% -15.475 0.51
45 3% -15.703 070 158364  30.30 0.599
k =0.000 4% 13.712 0.34
A4 =1.72263e-04 5% 13.464 414 149700  81.61 0.538
4th surface 6 -19.181 0.10
7 17.400 3.90 149700  81.61 0.538
k =0.000 g* -17.175 0.30
A4 = 3.64682e-05 50 9 17.131 2.69 1.61800  63.33 0.544
5th surface 10 -20.225 0.70 172047 3471 0.583
11 9.630 1.97
k=13.812 12 © 2.03
A4 = -1.65670e-04 (Stop)
8th surface 13 -26.870 0.70 172047 3471 0.583
55 14 7.211 2.12 1.61800  63.33 0.544
k=-1.177 15 28.975 4.80
A4 =8.11125¢-05 16* 14.848 5.21 149700  81.61 0.538
16th surface 17* -15.080 3.09
18% 17.473 2.77 1.63490  23.88 0.630
k=-0.579 19% -177.281 4.94
A4 = -1.27084e-04 20% -18.091 0.70 1.53368  55.90 0.563
17th surface 60 21 24560 158
2% -15.011 0.70 1.53368  55.90 0.563
k =0.000 23% 19.931 1.20
A4 = 4.62229¢-05 24 © 0.38 1.51640  65.06 0.535
18th surface 25 @ 0.30
Image ]
k=0914 65 plane

A4 = -7.54532e-06
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Unit mm Unit mm
Aspherical surface data 3% -15.047 0.70 1.58364  30.30 0.599
3 4 15.659 0.30
2nd surface 5% 14.778 3.69 1.49700 81.61 0.538
6 -22.190 0.10
k=-2.086 7 19.531 4.09 1.49700 81.61 0.538
3rd surface 8* -14.652 0.30
9 17.123 2.28 1.61800 63.33 0.544
k =0.000 10 10 199.434 0.70 1.72047 34.71 0.583
A4 =-2.15591e-05 11 10.381 4.19
4th surface 12 @ 431
(Stop)
k =0.000 13 -76.959 0.70 1.72047 34.71 0.583
A4 =-1.47223e-04 14 8.399 2.01 1.61800 63.33 0.544
5th surface 15 15 22.390 3.54
16* 14.258 3.78 1.49700 81.61 0.538
k=-0.289 17* -14.525 2.72
A4 =-1.86447e-04 18* 14.720 2.59 1.63490 23.88 0.630
8th surface 19% 53.371 4.84
20% -13.285 0.70 1.53368 55.90 0.563
k=-1.390 20 21%* 25.319 1.55
A4 =1.40344e-06 22% -14.684 0.89 1.53368 55.90 0.563
16th surface 23%* 31.963 1.20
24 ] 0.38 1.51640 65.06 0.535
k=-0.579 25 ] 0.30
A4 =-6.47710e-05 Image ]
17th surface plane
25
k =0.000 Aspherical surface data
A4 =1.29548e-05
18th surface 2nd surface
k=-0.598 k=-0.684
A4 = -1.56300e-06 30 3rd surface
19th surface
k =0.000
k =0.000 A4 =-8.51383e-05
A4 =-1.87807e-06 4th surface
20th surface
35 k =0.000
k =0.000 A4 =-1.17461e-04
A4 =2.90468e-06 5th surface
21th surface
k=-0.882
k =0.000 A4 =-1.49470e-04
A4 =-2.72835e-06 40 8th surface
22th surface
k=-0.931
k=0.000 A4 =1.39588e-05
A4 =2.59014e-06 16th surface
23th surface
0000 45 k=-0.579
- A4 =-3.93181e-05
A4 =-3.73844e-06 17th surface
Various data Kk = 0.000
NA 0.23 A4 =3.73980e-05
Magnification -1.33 50 18th surface
Focal length 8.00
Image height (mm) 4.92 k=0481
fo (mm) (in air) 175 Ad =9.25556e-07
Lens total length (mm) (in air) 49.07 19th surface
55 k =0.000
A4 =-2.64171e-06
Example 48 20th surface
k =0.000
. A4 =4.07916e-06
Unit mm 60 21th surface
Surface data
k =0.000
Surface A4 = -5.472500-06
no. T d nd vd ogf 22th surface
1 -39350.564 2.80 1.84666 23.77 0.620 65 k =0.000

2%

-15.096 0.36

A4 =4.16590e-06
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Unit mm Unit mm
23th surface 5 16th surface
k =0.000 k=-0.579
A4 =-6.37036e-06 A4 =8.05044e-05
17th surface
Various data
k =0.000
NA 0.20 10 A4 =9.03489e-05
Magnification -1.33 18th surface
Focal length 774
Image height (mm) 4.92 k=-0.016
fb (mm) (in air) 1.75 A4 =3.31417e-06
Lens total length (mm) (in air) 48.87 19th surface
15
k =0.000
A4 =-2.16071e-06
Example 49 20th surface
k =0.000
20 A4 =2.33119e-06
21th surface
Unit mm
k =0.000
Surface data A4 =-5.11799¢-06
22th surface
Surface
no. T d nd vd ogf 25 k =0.000
A4 =2.87005e-06
1 ~759.356  2.69  1.84666  23.77  0.620 33th surface
2% -16.189 0.67
3% -15.594 0.70 1.58364 30.30 0.599 k =0.000
4* 13.189 0.30 A4 = -7.50459¢-06
5% 12.715 3.60 1.49700 81.61 0.538 30
6 -30.208 0.10 Various data
7 18.195 4.42 1.49700 81.61 0.538
8* -14.458 0.30 NA 0.20
9 23.874 196  1.61800  63.33 0.544 Magnification _1.33
10 58.560 0.70 1.72047 34.71 0.583 Focal length 7.45
11 13.172 5.42 35 Image height (mm) 4.92
12 ® 5.58 fb (mm) (in air) 1.76
(Stop) Lens total length (mm) (in air) 48.85
13 224.670 0.70 1.72047 34.71 0.583
14 9.058 2.04 1.61800 63.33 0.544
15 19.643 0.90
16* 9888 332 149700 8l6l 0538 Example 50
17* -27.891 2.58
18* 9.778 240 1.63490 23.88 0.630
19% 18.665 4.60
20% -8.157 0.70 1.53368 55.90 0.563
21% 2626.112 131 Unit mm
22% -9.615 2.09 1.53368 55.90 0.563
23% -515.428 1.20 45 Surface data
24 ] 0.38 1.51640 65.06 0.535
25 @ 0.30 Surface
Image @ no. T d nd vd ogf
plane
1* 52.649 2.73 1.84666 23.77 0.620
Aspherical surface data 50 2% -38.622 2.79
3 -19.976 2.81 1.65412 39.68 0.574
2nd surface 4 30.338 0.20
5% 20.044 4.31 1.49700 81.61 0.538
k=-0.608 6 -18.337 0.10
3rd surface 7 10.677 4.30 1.49700 81.61 0.538
55 g* 161939 0.12
k =0.000 9 24.169 3.23 1.61800 63.33 0.544
A4 =-9.35581e-05 10 -32.541 0.71 1.72047 34.71 0.583
4th surface 11 12.119 0.91
12 ] 0.15
k =0.000 (Stop)
A4 =-1.70494e-04 60 13 49.063 0.77 1.90366 31.32 0.595
5th surface 14 7.771 1.92 1.61800 63.33 0.544
15 10.588 0.20
k=-1.128 16* 6.409 4.13 1.49700 81.61 0.538
A4 =-1.69703e-04 17* -23.504 1.62
8th surface 18* -223.234 0.71 1.49700 81.61 0.538
19% 6.065 7.57
k=-1.027 65 20% 20.127 3.49 1.58364 30.30 0.599
A4 =9.58875e-06 21%* -9.164 2.84
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-continued
Unit mm
22% -13.178 0.79 1.53368  55.90 0.563
23% 11.671 9.70
24 @ 0.38 1.51640 65.06 0.535
25 @ 0.30
Image ]
plane
Aspherical surface data
1st surface
k =0.000
A4 =5.94361e-05
2nd surface
k =0.000
A4 =5.27712e-05
Sth surface
k=-0.816
A4 =-7.30838e-06
8th surface
k =0.000
A4 =1.01191e-04
16th surface
k=-0.579
A4 =-6.69835e-05
17th surface
k =0.000
A4 =-5.31017e-05
18th surface
k =0.000
A4 =-5.11715e-04
19th surface
k =0.000
A4 =-4.64797e-04
20th surface
k =0.000
A4 =-2.92520e-04
21th surface
k =0.000
A4 = 1.24424e-04
22th surface
k =0.000
A4 =9.16605e-05
23th surface
k =0.000
A4 =-5.17129e-04, A6 = -2.60414e-06
Various data
NA 0.17
Magnification -1.40
Focal length 14.81
Image height (mm) 4.92
fb (mm) (in air) 10.25
Lens total length (mm) (in air) 56.63
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Example 51

Unit mm

Surface data

Surface
no. T d nd vd Ogf
1* 48.290 4.00  1.84666  23.77 0.620
2% -46.881 2.58
3 -22.804 1.76  1.65412  39.68 0.574
4 27.062 0.14
5% 18.619 5.28  1.49700  81.61 0.538
6 -19.533 0.10
7 10.604 4.45 1.49700  81.61 0.538
8% 131.823 0.10
9 23.442 328 1.61800  63.33 0.544
10 -31.030 0.70  1.72047  34.71 0.583
11 11.383 1.20
12 @ -0.09
(Stop)
13 36.337 0.70  1.90366  31.32 0.595
14 7.635 2.06 1.61800  63.33 0.544
15 10.913 0.10
16* 6.511 4.50  1.49700  81.61 0.538
17* -24.120 1.67
18%* -46.412 0.73 1.49700  81.61 0.538
19% 6.211 4.33
20% 16.578 3.80  1.58364  30.30 0.599
21% -8.549 2.73
22% -9.091 0.70  1.53368  55.90 0.563
23% 18.805 10.20
24 @ 0.38  1.51640  65.06 0.535
25 @ 0.30
Image ]
plane

Aspherical surface data

1st surface

k=0.000
A4 =5.83731e-05
2nd surface

k=0.000
A4 =5.27684e-05
Sth surface

k=-0.912
A4 =-8.58617e-06
8th surface

k=0.000
A4 =1.02848e-04
16th surface

k=-0.579
A4 =-3.17468e-05
17th surface

k=0.000
A4 =-1.40882e-04
18th surface

k=0.000
A4 =-7.46576e-04
19th surface

k=0.000
A4 =-6.42486e-04
20th surface

k=0.000
A4 = -2,69039e-04
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-continued -continued
Unit mm Unit mm
21th surface 5 Sth surface
k=0.000 k=-0.834
Ad =1.54596e-04 Ad = -2.83924¢-06
22th surface 8th surface
k=0.000
k =0.000 10 Ad = 1.05701e-04
A4 =1.25420e-04 16th surface
23th surface
k=-0.579
k =0.000 A4 =-6.90189¢-05
A4 =-5.64464e-04, A6 = -5.63513e-07 17th surface
15
Various data k=0.000
A4 =-5.47808e-05
NA 0.20 18th surface
Magnification -1.33 k= 0.000
Focal length 14.41 A4 =.—4.8603Se—04
Image height (mm) 4.92 20 19th surface
fb (mm) (in air) 10.75
Lens total length (mm) (in air) 55.55 k=0.000
A4 =-5.42665¢-04
20th surface
25 k=0.000
Example 52 A4 = -3.04526e-04
21th surface
k=0.000
A4 =2.66622e-05
Unit mm 30 22th surface
Surface data k= 0.000
A4 =-2.09838e-04
Surface 23th surface
no. T d nd vd ogf
35 k=0.000
1* 51.478 3.20 1.84666 23.77 0.620 Ad = —6.85269e-04, A6 = -2.12762e-06
2% -38.560 2.65
3 -19.565 3.38 1.65412 39.68 0.574 Various data
4 30.186 0.21
5% 19.873 4.50 1.49700 81.61 0.538 NA 0.17
6 -18.633 0.10 40 Magnification -1.40
7 10.628 4.21 1.49700 81.61 0.538 Focal length 15.30
8% 212.692 0.10 Image height (mm) 4.92
9 24897 319 161800 6333  0.544 fb (mm) (in air) 12.25
10 -30.693 070 172047 3471 0583 Lens total length (mm) (in air) 58.05
11 12.401 0.90
12 ] 0.10
(Stop) 45
13 55.667 070 190366 31.32  0.595 Example 53
14 7.805 1.84 1.61800 63.33 0.544
15 10.579 0.30
16* 6.428 4.02 1.49700 81.61 0.538
17* -23.103 1.57
18* ~110.480 0.70 149700  81.61 0.538 50 Unit mm
19% 6.147 6.35
20% 17.957 3.44 1.58364 30.30 0.599 Surface data
21%* -9.569 2.94
22% -11.357 0.70 1.53368 55.90 0.563 Surface
23%* 14.587 11.70 no. T d nd vd ogf
24 ] 0.38 1.51640 65.06 0.535 55
25 ] 0.30 1* 70.275 2.70 1.84666 23.77 0.620
Image @ 2% -30.659 2.30
plane 3 -17.537 2.26 1.65412 39.68 0.574
4 35.866 0.35
Aspherical surface data 5% 27.673 3.95 1.49700 81.61 0.538
60 6 -17.104 0.10
1st surface 7 9.747 3.94 1.49700 81.61 0.538
8* 162.593 0.10
k =0.000 9 24.099 3.09 1.61800 63.33 0.544
A4 =6.61716e-05 10 -26.964 0.70 1.72047 34.71 0.583
2nd surface 11 12.683 0.88
12 ] 0.07
k =0.000 65 (Stop)
A4 =5.97222e-05 13 64.816 0.70 1.90366 31.32 0.595
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Unit mm
14 7.829 1.84 1.61800 63.33 0.544
15 10.768 0.10
16* 6.611 3.23 1.49700 81.61 0.538
17* -21.476 1.33
18%* -267.827 0.70 1.49700 81.61 0.538
19%* 6.489 6.45
20% 23.224 3.31 1.58364  30.30 0.599
21%* -9.742 3.29
22% -7.668 0.70 1.53368  55.90 0.563
23% 185.012 13.20
24 @ 0.38 1.51640 65.06 0.535
25 @ 0.30
Image ]
plane
Aspherical surface data
1st surface
k =0.000
A4 =9.37043e-05
2nd surface
k =0.000
A4 =8.05222e-05
Sth surface
k=0.415
A4 =9.29789e-06
8th surface
k =0.000
A4 =1.46231e-04
16th surface
k=-0.579
A4 =-1.60507e-04
17th surface
k =0.000
A4 =1.24501e-04
18th surface
k =0.000
A4 =-1.08756e-04
19th surface
k =0.000
A4 =-6.99654e-04
20th surface
k =0.000
A4 =-3.08028e-04
21th surface
k =0.000
A4 =-1.14935e-04
22th surface
k =0.000
A4 =-6.53850e-04
23th surface
k =0.000
A4 =-9.34773e-04, A6 = 6.44915e-07
Various data
NA 0.17
Magnification -1.40
Focal length 15.97
Image height (mm) 4.92
fb (mm) (in air) 13.75
Lens total length (mm) (in air) 55.83
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Example 54

Unit mm

Surface data

Surface no. T d nd vd Ogf
1* 51.478 3.20 1.84666  23.77  0.620
2% -38.560 2.65
3 -19.565 3.38 1.65412  39.68 0574
4 30.186 0.21
5% 19.873 4.50 1.49700  81.61 0.538
6 -18.633 0.10
7 10.628 4.21 1.49700  81.61 0.538
8* 212.692 0.10
9 24.897 3.19 1.61800  63.33  0.544

10 -30.693 0.70 1.72047 3471 0.583

11 12.401 0.90

12 (Stop) o 0.10

13 55.667 0.70 1.90366  31.32  0.595

14 7.805 1.84  1.61800  63.33  0.544

15 10.579 0.30

16* 6.428 4.02 1.49700  81.61 0.538

17* -23.103 1.57

18% -110.480 0.70 1.49700  81.61 0.538

19%* 6.147 6.35

20* 17.957 344 1.58364 3030 0.599

21* -9.569 2.94

22% -11.357 0.70 1.53368  55.90  0.563

23* 14.587 11.70

24 o 0.38 1.51640  65.06  0.535

25 o 0.30

Image plane @

Aspherical surface data

1st surface

k=0.000
A4 = 6.61716e-05
2nd surface

k=0.000
A4 =5.97222e-05
Sth surface

k=-0.834
A4 = -2.83924e-06
8th surface

k=0.000
A4 =1.05701e-04
16th surface

k=-0.579
A4 =-6.90189%-05
17th surface

k=0.000
A4 = -5.47808e-05
18th surface

k=0.000
A4 = -4.86035e-04
19th surface

k=0.000
Ad = -5.42665¢-04
20th surface

k=0.000
Ad = -3.04526e-04
21th surface

k=0.000
A4 =2.66622e-05
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-continued -continued
Unit mm Unit mm
22th surface 5 14th surface
k =0.000 k=-0.579
Ad = —2.09838e-04 A4 =2.14569e-05, A6 = 8.56596e-07
23th surface 16th surface
k=0.000
k =0.000
A4 = -6.85269e-04, A6 = -2.12762¢-06 10 Ad = ~1.21434-03
17th surface
Various data k= 0.000
A4 =1.82906e-06
NA 0.17 18th surface
Magnification -1.40 15
Focal length 15.30 k= 0.000
Image height (mm) 492 A4 =-5.24617e-05
fb (mm) (in air) 12.25 19th surface
Lens total length (mm) (in air) 58.05
k=0.000
20 A4 =-1.13335e-06
20th surface
Example 55 k=0.000
A4 =1.01208e-05
21th surface
23 k=0.000
Unit mm A4 =-2.49639¢-05
23th surface
Surface data
k=0.000
Surface no. T d nd vd Ogf Ad = -2.94354e-05, A6 = —6.86427e-06
30
1* 25.913 2.07 1.84666 23.77 0.620 Various data
2% 31.151 0.30
3% 17.097 6.09 1.49700 81.61 0.538 NA 0.23
4 -111.014 0.10 Magnification -1.10
5 16.382 3.66 1.49700 81.61 0.538 Focal length 12.36
6* 76.965 0.10 35 Image height (mm) 4.92
7 12.471 523 161800  63.33  0.544 fb (mm) (in air) 272
8 -19.985 070 172047 3471  0.583 Lens total length (mm) (in air) 44.83
9 10.437 1.53
10 (Stop) @ -0.40
11 15.326 0.70 1.90366 31.32 0.595
12 5.760 224 161800 6333 0544 o Example 56
13 7.466 0.10
14% 5.529 3.20 1.49700 81.61 0.538
15 —-250.000 0.93
16* -31.020 1.06 1.49700 81.61 0.538
17% 6.332 2.81 Unit mm
18* 13.296 4.02 1.58364 30.30 0.599
19% -8.640 0.80 45 Surface data
20% -7.506 4.48 1.53368 55.90 0.563
21%* -8.795 0.39 Surface no. T d nd vd ogf
22 -11.302 2.00 1.53368 55.90 0.563
23%* 23.373 2.15 1 22.916 1.51 1.60999 27.48 0.620
24 ] 0.38 1.51640 65.06 0.535 2 44.302 0.00 1001.00000 -3.45 0.296
25 B 0.31 50 3 44.303 0.20 1.63762 34.21 0.594
Image plane @ 4 44.214 0.75
5% 11.892 4.50 1.49700 81.61 0.538
Aspherical surface data 6 -75.023 0.10
7 16.979 2.78 1.49700 81.61 0.538
1st surface 8* 35.199 0.71
55 9 19.063 2.75 1.61800 63.33 0.544
k =0.000 10 -18.581 0.77 1.72047 34.71 0.583
A4 =9.25518e-06 11 33.626 1.26
2nd surface 12 (Stop) @ 0.30
13 29.197 0.83 1.90366 31.32 0.595
k =0.000 14 5.383 1.47 1.61800 63.33 0.544
A4 =8.47403e-06 15 9.288 0.91
3rd surface 60 16 6872 3.01 149700  81.61  0.538
17* 12.602 1.91
k=-0.200 18* -9.053 3.06 1.49700 81.61 0.538
A4 =2.89370e-06 19% -10.553 0.91
6th surface 20% 12.072 3.90 1.58364 30.30 0.599
21%* -24.825 1.94
k =0.000 65 o -19.526 1.01 1.49700 81.61 0.538
A4 =6.07603e-05 23%* 11.127 7.48
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-continued

Unit mm

24*

25%

26

27

Image plane

-59.537 1.12
19.034 1.10
] 0.38
0.41

1.53368 55.90

1.51640 65.06

8

0.563

0.535

Aspherical surface data

Sth surface

k=-0.513
A4 =-1.39397e-05
8th surface

k =0.000
A4 =7.69283e-05
16th surface

k=-0.579
A4 =-1.27245e-04
17th surface

k =0.000
A4 =-2.00147e-04
18th surface

k =0.000
A4 =-1.96482e-04
19th surface

k =0.000
A4 =-5.46173e-07
20th surface

k =0.000
A4 =-4.97701e-05
21th surface

k =0.000
A4 =5.00869e-05
22th surface

k =0.000
A4 =-1.31586e-04
23th surface

k =0.000
A4 =-1.81687e-04
24th surface

k =0.000
A4 =-3.30547e-04
25th surface

k =0.000
A4 = -3.69284e-04, A6 = -2.84789e-06

Various data

NA

Magnification
Focal length
Image height (mm)
fb (mm) (in air)

0.20
-1.56
7.72
492
1.76

Lens total length (mm) (in air) 44.95
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Example 57

Unit mm

Surface data

Surface no. T d nd vd ogf
1* 14.849 2.81 1.84666 2377  0.620
2% 24.251 1.16
3% 11.029 2.65 1.49700 81.61  0.538
4 -159.692 0.10
5 24.766 1.11 1.60999 2748  0.620
6 25.004 0.00 1001.00000 -345  0.296
7 25.005 0.20 1.63762 3421 0594
8 24.343 0.11
9 16.634 2.86 1.61800 63.33 0544

10 -14.550 0.72 1.72047 3471  0.583

11 28.345 0.47

12 (Stop) o -0.05

13 28.631 0.72 1.90366 3132 0.595

14 6.286 1.64 1.61800 63.33 0544

15 14.078 5.35

16* 7.582 3.02 1.49700 81.61  0.538

17* 14.928 8.00

18% 15.671 3.78 1.58364 3030 0.599

19%* -20.144 1.79

20* -10.482 0.70 1.49700 81.61  0.538

21* 8.846 3.50

22% 13.317 2.28 1.53368 5590  0.563

23* 9.855 2.70

24 o 0.38 1.51640 65.06  0.535

25 o 0.30

Image plane @

Aspherical surface data

1st surface

k=0.000
A4 = 1.89575e-05
2nd surface

k=0.000
A4 =2.05342e-05
3rd surface

k=-1.001
A4 =-2.79051e-05
16th surface

k=-0.579
A4 =-9.97074e-05
17th surface

k=0.000
A4 =4.56155e-05
18th surface

k=0.000
A4 =-1.55616e-04
19th surface

k=0.000
A4 = -9.53455¢-05
20th surface

k=0.000
A4 = 6.03104e-05
21th surface

k=0.000
A4 =5.76196e-05
22th surface

k=0.000
A4 =5.52326e-05
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-continued -continued
Unit mm Unit mm
23th surface 5 17th surface
k =0.000 k=0.000
A4 =-1.67453e-04, A6 = -3.57134e-06 A4 =-9.14712e-05, A6 = 5.79438e-07
18th surface
Various data
k=0.000
NA 0.20 10 Ad = -2.04464e-04
Magnification -1.60 19th surface
Focal length 8.33
Image height (mm) 4.92 k=0.000
fb (mm) (in air) 3.25 A4 =3.63528e-05
Lens total length (mm) (in air) 46.16 24th surface
15
k=0.000
A4 = -3.43309e-05
Example 58 25th surface
k=0.000
20 A4 = -4.64396e-04
Unit mm Various data
Surface data NA 0.23
Magnification -1.33
Surface no. T d nd vd Ogf Focal length 9.33
25 Image height (mm) 4.92
1* 23.262 3.28 1.84666 2377  0.620 fb (mm) (in air) 3.86
2% 191.812 1.33 Lens total length (mm) (in air) 54.14
3 53.883 0.50 1.62588 3570 0.589
4 14.902 0.14
5% 13.978 5.96 1.49700 81.61 0.538
6 -29.978 0.10 30 Example 59
7 15.765 3.37 1.49700 81.61 0.538
8* 510.224 0.10
9 32.798 3.12 1.61800 63.33 0.544
10 -19.809 0.50 1.72047 34.71 0.583
11 12.325 1.78 Unit mm
12 (Stop) @ 0.78 35
13 -140.812 0.50 1.90366 3132 0.595 Surface data
14 9.869 2.61 1.61800 63.33 0.544
15 113.862 242 Surface no. T d nd vd ogf
16* 11.277 3.74 1.49700 81.61 0.538
17* -59.524 8.10 1* 22.101 3.18 1.84666 2377  0.620
18%* -3485.657 0.70 1.49700 81.61 0.538 40 2% 124.650 0.30
19%* 9.598 0.46 3 114.152 0.70 1.62588 3570 0.589
20 9.139 5.57 1.60999 27.48  0.620 4 16.412 0.30
21 -16.931 0.00 1001.00000 =345  0.296 5% 13.305 5.99 1.49700 81.61 0.538
22 -16.932 0.20 1.63762 34.21 0.594 6 -31.233 0.30
23 -49.525 3.11 7 17.773 3.61 1.49700 81.61 0.538
24* -7.878 1.91 1.53368 5590  0.563 8% -77.787 0.30
25% 24.022 3.30 45 9 40.293 3.15 1.61800 63.33 0.544
26 @ 0.38 1.51640 65.06  0.535 10 -16.251 0.70 1.72047 34.71 0.583
27 @ 0.31 11 16.421 1.03
Image plane @ 12 (Stop) @ 0.57
13 -40.907 0.70 1.90366 3132 0.595
Aspherical surface data 14 9.293 3.10 1.61800 63.33 0.544
50 15 -40.883 1.32
1st surface 16* 12.708 2.72 1.60999 27.48  0.620
17 27.809 0.00 1001.00000 -3.45 0.296
k =0.000 18 27.809 0.20 1.63762 34.21 0.594
A4 =1.21996e-05 19%* 27.322 6.28
2nd surface 20% 28.448 1.49 1.49700 81.61 0.538
55 2L* 12.258 7.34
k =0.000 22% 10.768 3.89 1.58364 3030 0.599
A4 =2.73727e-05 23% -26.410 3.22
5th surface 24% -9.722 0.95 1.53368 5590  0.563
25% 10.802 3.19
k=-0.165 26 @ 0.38 1.51640 65.06  0.535
A4 =-1.19710e-05 27 @ 0.30
8th surface 60 Image plane @
k =0.000 Aspherical surface data
A4 =3.40041e-05
16th surface 1st surface
k=-0.579 65 k =0.000

A4 =-1.81901e-05, A6 = 2.18274e-07

A4 =1.81664e-05
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-continued -continued
Unit mm Unit mm
2nd surface 12 -51.065 0.70 1.72047 3471 0.583
5013 11.329 1.50
k =0.000 14 (Stop) @ -0.25
A4 =3.17867e-05 15 29.773 0.70 1.90366 3132 0.595
5th surface 16 8.337 3.21 1.61800 6333 0.544
17 36.482 1.31
k=-0.472 18% 10.000 3.43 1.49700 81.61  0.538
A4 = -1.54652e-05 10 19% 108.943 5.30
8th surface 20% -760.614 0.70 1.49700 81.61  0.538
21% 12.153 8.57
k =0.000 20 10.932 4.26 1.58364 3030 0.599
A4 = 2.70940e-05 23% ~46.469 4.54
16th surface 24% -10.332 0.75 1.53368 5590  0.563
15 25% 15.919 2.85
k=-0.579 26 © 0.38 1.51640 65.06  0.535
A4 =5.37723e-05, A6 = 1.28843e-06 27 © 0.30
19th surface Image plane ©
k =0.000 .
Ad = 7.64130e-05, A6 = 1.59199¢-06 20 Aspherical surface data
20th surface
1st surface
k =0.000
A4 =2.38574e-05 k=0.000
21th surface A4 =9.77276e-06
2nd surface
k =0.000 25
A4 = -5.41581e-05 k=0.000
22th surface Ad =1.67764e-05
5th surface
k =0.000
A4 = -9.20996e-05 k=-0.659
23th surface 30 A4 =1.08105e-05
18th surface
k =0.000
A4 = 1.487656-05 k= —0579
24th surface A4 = 5.63637¢-06, A6 = 5.19107e-07
Kk = 0.000 35 19th surface
A4 =2.307986-04
25th surface k=0.000
A4 = 226706606, A6 = 6.14099e-07
k = 0.000 20th surface
A4 = -1.658546-04
40 k=0.000
Various data Ad =-3.93066e-06
21th surface
NA 0.23
Magnification -1.33 k= 0.000
Focal length 1042 A4 = 1.90962e-06
Image height .(mm) 4.92 45 29th surface
fb (mm) (in air) 3.74
Lens total length (mm) (in air) 55.07 k= 0.000
A4 = -3.81502e-05
23th surface
Example 60 “ K 0.000
A4 =2.473540-06
24th surface
Unit mm k=0.000
A4 =7.91457e-06, A6 = 1.44833e-06
Surface data 55 25th surface
Surface no. T d nd vd Ogf k = 0.000
A4 =-1.11135e-05, A6 = —2.19459¢-06
1 30.853 3.59 1.84666  23.77  0.620
2% -228.348 0.30 Various data
3 34.422 0.70 1.62588 3570  0.589
4 14782 0.30 60
5 12104 6.41 149700  81.61  0.538 NA 0.23
6 _35.889 0.30 Magnification -1.33
7 -49.464  0.20 1.63762 3421  0.59%4 Focal length 10.62
8 -49.078 0.00 1001.00000  -3.45  0.296 Image height (mm) 4.92
9 -49.077 0.70 1.60999  27.48  0.620 fb (mm) (in air) 341
10 -60.906 0.30 65 Lens total length (mm) (in air) 55.07
11 16.056 4.14 1.61800  63.33  0.544
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Example 61 -continued
Unit mm
K 18&th surface
Unit mm 5
k=0.132
Surface dat
urace cata Ad = 6.92244e-06, A6 = 6.19572e-07, A8 = 8.38466¢-09
Surface no. T d nd vd ogf 15th surface
k=-2.887
1% -8.586  6.54 153368 5590  0.563
o 38013 o008 10 Ad = 8.20744e-06, A6 = —4.23855¢-07, A8 = 2.80030e—09
3% 23.658  5.62  1.63490  23.88  0.630 20th surface
4% -13.749  0.05
5 483.930 050  1.58364 3030  0.599 k=-0.631
N Ad = -4.16331e-06, A6 = —1.26465¢-07, A8 = -9.14719¢~09
6 31754 0.05 e
7% 10.006 619 149700 81.61  0.538 surace
8% -22.587  0.05 15 "= 1101
9 36.901 456  1.61800 6333  0.544 =-1
10 T84T 050 17047 3491 0383 ;x;ﬂj 5.2f2955e-05, A6 = -4.06789e-07, A8 = —1.05876e~09
11 15812 1.63 surace
12(Sto @ 0.83
13( " -23.387 030 172047 3471 0583 11:: :371é1552152 05, A6 = -4.81367e~07, A8 = —3.45006e-09
14 18.752  3.04  1.61800 63.33 0544 20 =0 o=, AD =% OV AS == Al
A10 = 2.89579%-12
15 -24.584  0.12 5t ot
16% 13.844 592  1.49700 81.61  0.538 surlace
17* -20251  9.46
18 ~10.122 591  1.58364 3030 0599 k=-0713
Lo Tliges 45 Ad = -4.71492e-05, A6 = -4.75038e-08, A8 = —1.74975¢~10,
20 9722 7.0  1.58364 3030 0599 55 ?it?l = ‘Z'973606‘12
21% -7.658  3.02 surace
20% -16.164 370  1.63490  23.88  0.630
23" -27.524 005 11:: _4?6148002 04, A6 = 1.39934e-06, A8 = 7.25578e-09
24% 7572 594  1.53368 5590  0.563 = o-b%, AL = L. o-b0, Ad = 1. oY%,
N Al0 = -5.39754e-11
25 3912 6.00 50 ot
26 @ 030 151640 6506  0.535 surace
27 @ 6.28 30
Image plane % . k=-1.881
Ad = -3.56331e-04, A6 = 5.70132e-06, A8 = —5.32334e-08,
Aspherical surface data AlL0=2.10863e-10
1st surface Various data
35
k=0.580 ?AA ificati 2'22
A4 = -9.12075e-04, A6 = 5.36263e-05, A8 = -3.61636e-06 agnification -
Focal length 8.96
2nd surface ;
Image height(mm) 7.93
fb(mm) (in air 12.47
k=0.348
A4 = —6.713250-04, A6 = 4.965640-06, A8 = —1.022446-07 40 Lens total length(mm) (in air) 86.77
3rd surface
k=-0.448
A4 = 2.691796-05, A6 = 2.59561e-07, A8 = 1.810936-09 Example 62
4th surface
45
k=-2.729
Ad =2.62358¢-05, A6 = 1.66698¢—06, A8 = —5.24204e—09 )
5th surface Unit mm
K = —2409 520 Surface data
Ad = -5.88015e-06, A6 = -5.65544e-08
6th surface 50 Surface no. i d nd vd Ogf
1% -8518 648 153368 5590  0.563
11::?.22738714 06, A6 = 4.93409e~09 2z -38017 007
= e-U0, AD =4 e 3% 23.626  5.62  1.63490  23.88  0.630
7th surface e ~13.766 005
55 5% 474790 049 158364 3030  0.599
k=-2423 6* 31.840 005
Ad = -3.77237e-05, A6 = -3.90286e-07, A8 = 6.14283e-09 > 0904 643 149700 8L6l 0538
8th surface g* _22550  0.06
© o 1443 9 37796 455  1.61800 6333  0.544
=1 10 -9.723 050 172047 3471  0.583
Ad = -3.05033e-05, A6 = 1.08600e-07, A8 = 1.41866e—09 1 15791 1s1
16th surface 60 12(Stop) © 0.83
13 -23405 050 172047 3471 0583
k=-1.658 14 18.836  3.04  1.61800  63.33  0.544
Ad = -1.51099e-05, A6 = 1.28932e-07, A8 = —7.26513e-10 15 04437 005
17th surface 16* 13826  5.68 149700 81.61 0538
17* -20280 947
k=0.184 65 18* -10.093 591 158364 3030  0.599
Ad = -2.43950e-05, A6 = ~7.20933e-08, A8 = 4.75546e-10 19% -13913 3.8
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203 204
-continued -continued
Unit mm Unit mm
20% -9.681  7.68  1.58364  30.30  0.599 5 23th surface
21% -7.639  3.02
20% -16.165 377  1.63490  23.88  0.630 k=-0.621
o 27983 005 Ad = —4.77440e-05, A6 = -4.56224e-08, A8 = -8.13918e~11,
24% 7584 593 153368 5590  0.563 AlD =-7.89572¢-12
25% 3.906  6.00 24th surface
26 @ 030 151640  65.06 0535 g o443
27 ® 5.82 Ad = ~3.18831e-04, A6 = 1.39907¢—06, A8 = 7.38731e—09,
Image plane @ A10 = -5.05176e-11
25th surface
Aspherical surface data
k=-1.870
1st surface 15 Ad = -3.34225e-04, A6 = 5.681356-06, A8 = —5.42846e-08,
Al0 = 2.31442¢-10
k=0475
Ad = —8.84441e-04, A6 = 6.04064e-05, A8 = —5.76698e-06 Various data
2nd surface
NA 0.60
k =—0.958 20 Magnification -3.56
A4 =~ 6.681326-04, A6 = 5.04103e-06, A8 = —1.03257e—07 Focal length 8.92
3rd surface Image height(mm) 7.93
fb(mm) (in air) 12.02
K= —0.479 Lens total length(mm) (in air) 86.83
Ad =2.66301e-05, A6 = 2.47046e~07, A8 = 1.70474e-09
4th surface 25
k=-2.726 Example 63
Ad =2.62640e-05, A6 = 1.67016e-06, A8 = -5.41971e~09
5th surface
k = -2345.875 30
Ad = -5.83422e-06, A6 = -4.85118e-08 Unit mm
6th surface
Surface data
k =-0.006
Ad = 8.68836e-06, A6 = —4.70192e-09 Surface no. ! d nd vd Ogf
7th surface » 1* 7039 491 153368 5590 0563
2% -17.920  0.05
k=-2.425 3% 15584 458 163490 2388  0.630
Ad = -3.77595e-05, A6 = -3.84874e-07, A8 = 5.86446e—09 2% _12462 005
8th surface 5% 6979 328 149700 81.61 0538
2 6* -19.498  0.05
k=1.450 7 39995 250  1.61800 6333  0.544
Ad = -3.05845e-05, A6 = 1.01828e-07, A8 = 1.52990e—09 8 -7.177 050 172047 3471 0583
16th surface 9 9.843 0.80
10(Stop) @ 0.58
k= —1.658 11 -13.844 050 172047 3471 0583
A4 =-1.51124e-05, A6 = 1.26975¢-07, A8 = —7.28488e-10 12 9.243 244 1.61800  63.33  0.544
17th surface 45 13 -20.574 0.5
14* 10818  3.74 149700 81.61  0.538
k20179 15: -12.062  13.98
Ad = -2.42938e-05, A6 = —6.94876e-08, A8 = 3.98116e-10 }g* :g:g;‘f giz 1.58364  30.30 0399
18th surface 18" -11488 197  1.63490 2388 0630
50 19% -18.115 0.7
k=0.132 20% 5193  3.81  1.53368 5590  0.563
Ad =7.07169e-06, A6 = 6.32887e~07, A8 = 9.67925e-09 o1 2478 435
19th surface 22 @ 0.26 151640  65.06  0.535
23 @ 0.91
k=-2.890 Image plane ]
Ad = 8.40985e-06, A6 = —4.16581e-07, A8 = 2.92048¢—09 55
20th surface Aspherical surface data
k=-0.632 1st surface
Ad = -3.89651e-06, A6 = —1.34905e~07, A8 = —-9.44213e~09
21th surface k=-7.688
6 Ad = -5.30828e-03, A6 = 1.00779-03, A8 = -3.13102e-04
k=-1.191 2nd surface
Ad =5.24213e-05, A6 = —4.02486e-07, A8 = —1.05494e—09
22th surface ke=9.824
Ad = -1.93476e-03, A6 = 2.83575e-05, A8 = —1.27395e-06
3rd surface
k=-30.784
Ad =7.94179e-05, A6 = —4.73842e-07, A8 = —3.45074e-09, 65 k=-1316

Al10 =2.80530e-12

A4 =3.98817e-05,A6 =1.75107e-07, A8 = 2.54238e-08
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205 206
-continued -continued
Unit mm Unit mm
4th surface 8 -8.538 0.50  1.72047 3471  0.583
5 9 11099 0.96
k=-5.068 10(Stop) © 0.66
A4 =1.22657e-04, A6 = 6.73445¢-06, A8 = —~1.01603e-07 11 -15.771 0.50  1.72047 3471  0.583
5th surface 12 10.927 2,65 1.61800  63.33  0.544
13 -21.930 0.05
k=-2.319 14% 12.592 4.04  1.49700  81.61  0.538
A4 = -8.13599e-05, A6 = —6.40124e-06, A8 = 1.43467e-07 10 15% -13.902  15.89
6th surface 16* -7.470 797 158364 3030 0.599
17* -6.239 3.85
k=3.388 18*% -13.303 240  1.63490  23.88  0.630
A4 =-1.26292e-04, A6 = -1.27410e-06, A8 = 9.01790e-08 19* -20.860 0.30
14th surface 20% 6.006 442 1.53368 5590  0.563
15 21% 2794 5.00
k=-2.381 22 © 0.30  1.51640  65.06  0.535
A4 = -1.37296e-04, A6 = 1.42467e-06, A8 = =9.01579%-09 23 © 0.53
15th surface Image plane @
k=-0.582 Aspherical surface data
A4 =-2.02116e-05, A6 = -1.14010e-06, A8 = -9.41687e—-09 20
16th surface 1st surface
k =-0.049 k=-6.559
A4 = -2.66503e-04, A6 = 1.37620e-05, A8 = —2.75338e-07 A4 = -3.07798e-03, A6 = 7.19063e-04, A8 = -1.43633e-04
17th surface 2nd surface
k=-1.101 25 k=8.617
A4 =2.02237e-04, A6 = -2.08688e-06, A8 = —2.48953e-08 A4 = -1.24859¢-03, A6 = 1.39145¢-05, A8 = -4.33338e-07
18th surface 3rd surface
k=-33.992 k=-1.217
A4 =2.88723e-04, A6 = —5.74254¢-06, A = -5.45486e-08, A4 =2.14714e-05, A6 = 4.97776e-07, A8 = 6.93013e-09
A10 = -8.25069e-11 30 4th surface
19th surface
Ko 1,062 k=-5.042
A4 = —1.89497e-04, A6 = —2.28174e-07, A8 = —~1.72532e—08, ?i ;;%2;2956_05’ A6 =342831e-06, A8 = -3.37151-08
A10 = -3.24889¢-10
20th surface 35
k=-2.297
ke _4642 A4 = -6.04721e-05, A6 = -3.09153e-06, A8 = 4.84282e-08
A4 = -1.21065e-03, A6 = 1.21481e-05, A8 = 1.80222e-07, 6th surface
A10 = -1.84008e-09
21th surface k=3.319
40 A4 = -8.28348e-05, A6 = —6.61324e-07, A8 = 3.24620e-08
k=-1.845 14th surface
A4 = -8.86076e-04, A6 = 4.64728e-05, A8 = —1.48831e-06,
A10 = 2.99535¢-08 k=-2342
A4 = -9.16209¢-05, A6 = 8.36992¢-07, A8 = —4.45060e-09
Various data 15th surface
NA 0.60 45 k= —0501
Magnification =356 A4 = —1.622206-05, A6 = —5.10344e-07, A8 = —3.96678e-09
Focal length 4.98 16th surface
Image height(mm) 4.75
fb(mm) (in air) 543
Lens total length(mm) (in air) 59.20 k=-0081
50 A4 = —1.74720e-04, A6 = 6.86575¢-06, A8 = -9.76272e-08
17th surface
Example 64 k=-1.09
A4 = 1.45428e-04, A6 = -1.07366e-06, A8 = -5.76918e-09
18th surface
55
k =-35.703
Unit mm A4 =2.12538e-04, A6 = -2.80559¢-06, A8 = -1.82100e-08,
A10 = -2.49815e-12
Surface data 19th surface
Surface no. T d nd vd ogf 60 k=140
1* 8500  5.03 153368 55.00  0.563 A4 = -1.24964e-04, A6 = -2.05558¢-07, A8 = —4.46527e-09,
P _19840  0.05 A10 = -7.30148e-11
3% 17.840 528  1.63490 23.88  0.630 20th surface
4% -14.375  0.06
5% 7.961 3.54 1.49700  81.61  0.538 k=-4.876
6* -22.188  0.05 65 A4 = -8.70533e-04, A6 = 5.71807e-06, A8 = 5.33843e-08,
7 52.926  2.61 1.61800  63.33  0.544 A10 = -2.87801e-10
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207 208
-continued -continued
Unit mm Unit mm
21th surface 5 5th surface
k=-1.928 k=-1871.246

A4 = -3.56431e-04, A6 = 1.04471e-05, A8 = ~2.60887e-07, Ad = -1.46877e-05, A6 = -2.79488¢-07

A10 = 3.89803¢-09 6th surface
k=-0.064
; 10
Various data Ad = 2.140046-05, A6 = 4.39293e—08
7th surface
NA 0.60
Magnification -3.56 k=-2.423
Focal length 5.34 A4 = -9.35989e-05, A6 = —1.73930e~06, A8 = 5.12031e-08
Image height(mm) 5.50 15 ’th surface
fb(mm) (in air) 573
Lens total length(mm) (in air) 67.24 k=1436
A4 =-7.63094e-05, A6 = 4.05361e-07, A8 = 1.19948¢—08
16th surface
20 k=-1.670
Example 65 A4 = —3.893076-05, A6 = 5.415756-07, A8 = —3.890666-09
17th surface
k=0.072
Unit mm 5 A4 =-6.09183e-05, A6 = —2.19847e—07, A8 = 6.07739e-09
18th surface
Surface data
Surface no. T d nd vd Ogf k=0.089
A4 =9.88125e—06, A6 = 2.25429¢-06, A8 = 5.40413e-08
1* -6.269  4.80 1.53368  55.90  0.563 19th surface
2% -27.398  0.05 30
3 17424 412 1.63490  23.88  0.630 k=-2.920
4: -10.162  0.05 A4 =2.34541e-05, A6 = -1.70730e-06, A8 = 1.38533e~08
5 329.227  0.61  1.58364  30.30  0.599 20th surface
6% 23.639  0.05
7% 7301 438 149700  81.61  0.538
g* -16.656 0.0 35 k=-0.618
9 26.802 3.49 1.61800 63.33 0.544 A4 =-1.37263e-05, A6 =-1.25116e-06, A8 = -8.15675¢-08
10 -7.076 050  1.72047 3471  0.583 21th surface
11 11.663  1.25
12(Stop) o 0.71 k=-1.185
13 -16.523 050 1.72047 3471 0.583 A4 = 1.29062e-04, AG = —1.87858¢-06, A8 = —1.27341e~08
14 14445 257 161800 6333 0544 39th surface
15 -18.236  0.06
16% 10173 4.62 149700  81.61  0.538
17% _14.804 697 k=-30.535
18% ~7.554 4.14 1.58364 30.30 0.599 Ad = 2.125966—04, A6 = —2.324716—06, A8 = —3.189336—08,
19% -9.958  2.28 A10 =2.49260e-11
20% -7.176 495  1.61421  25.60  0.621 23th surface
21% -5.830  2.02 45
22% -11.735  2.84  1.63490 23.88  0.630 k= 0.060
;i: ‘22-212 2 23 53368 5590 0.563 Ad = ~1.34020e-04, A6 = —1.76460e—07, A8 = 8.51270e-10,
o Y897 450 A10 =-1.31091e-10
26 w 030 151640 6506  0.535 24th surface
27 o 3.63 50
Image plane @ k=-4.296
A4 =-8.13846e-04, A6 = 6.17276e-06, A8 = 7.50056e—08,
Aspherical surface data Al10=-7.01350e-10
25th surface
1st surface
55 -
K2 0.650 k=-1.860
A4 = -2.048166-03, A6 = 2.35320e-04, A8 = ~4.81520e-05 A4 =-8.20694e-04, A6 = 2.77718e—05, A8 = -5.24812e-07,
ond surface AL0 = 5.58526e-09
k=-1.065 Various data
A4 =-1.68684e-03, A6 = 2.29728e-05, A8 = -9.25180e-07 6
3rd surface NA 0.60
k= —0.588 Magnification -3.56
Ad = 6.51788e-05, A6 = 1.13163e-06, A8 = 1.95724e—08 Focal length 6.16
4th surface Image height(mm) 5.50
fb(mm) (in air) 8.33
k=-2.720 65 Lens total length(mm) (in air) 63.71

A4 =6.41977e-05, A6 = 7.66373e-06, A8 = —3.86820e-08
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Example 66 -continued
Unit mm
K 18&th surface
Unit mm 5
k=0.116
Surface dat
jrace ol A4 = 6.476326-06, A6 = 1.93794e-06, A8 = 8.75430e-08
Surface no. T d nd vd ogf 19th surface
k=-2.967
1% -6.744 455 153368 5590  0.563
o o824 005 10 Ad =3.57609e-05, A6 = —1.497356-06, A8 = 2.83588¢—08
3% 17.647 411  1.63490 23.88  0.630 20th surface
4% -10.252  0.05 Lo 0611
5% 368.125 070  1.58364 3030  0.599 =-0
p 23485 0.05 Ad = -1.58294e-05, A6 = —1.07032e-06, A8 = -9.97644e~08
7 7303 375 149700 8161  0.538 21th surface
8% -16.608  0.05 15 L= 1180
9 27.992 348  1.61800 6333  0.544 =-1
10 a0 050 17047 3491 0383 Ad = 1.28670e-04, A6 = —1.99874e-06, A8 = —1.23533e-08
1 1712 093 22th surface
12(Stop) @ 0.68
k =-30.969
13 -16247 050 172047 3471  0.583
i 14941 248 161800 8333 o0sa1 20 Ad =2.14284e-04, A6 = -2.50014e-06, A8 = —3.94482¢-08,
A10=1.75181e-11
15 -17.172  0.05 5t o
16% 10250  5.04  1.49700 81.61  0.538 surlace
17* -14.686  7.09
k=0.274
18* -7.433 340 158364  30.30  0.599
Lo loorr 259 Ad = -1.40593e-04, A6 = -2.34596e-07, A8 = -2.72736e~09,
20 —6.674 539 161421 2560 0.621 o5 ?it?l = ‘1}'342646‘10
21% -5707 210 surace
20% -11.710  2.68  1.63490  23.88  0.630
23% 20113 0.08 k=-4.460
Py S50 427 153368 5500 0.563 Ad = -8.31533e-04, A6 = 6.06058e-06, A8 = 7.30319¢~08,
N . . . . : A10 = -5.38583e-10
25 2.881  4.50 50 ot
26 @ 030 151640 6506  0.535 surace
27 @ 2.87 30
Image plane % k=-1.870
Ad = —7.81641e-04, A6 = 2.80809¢-05, A8 = —5.72873e-07,
Aspherical surface data AlL0 =6.43070e-09
1st surface Various data
35
k=0.466 i\TAA e 2.2(6)
A4 = -1.83113e-03, A6 = 2.20399e-04, A8 = —4.01986e-05 agnification -
ond surface Focal length 5.82
Image height(mm) 5.23
k= -4.154 fb(mm) (in air) 7.57
Ad = —1.67302¢-03, A6 = 2.41417¢-05, A8 = ~9.14504¢-07 40 Lens total length(mm) (in air) 62.10
3rd surface
k=-0.713
A4 = 6.228626-05, A6 = 1.218736-06, A8 = 2.058956-08 Example 67
4th surface
45
k=-2.747
Ad = 6.54960e-05, A6 = 7.63953e~06, A8 = —3.72649—08 o
5th surface nit mm
K = —2888 742 Surface data
?31 :u;g:;3226_05’ A6 =-1.13362¢-07 50 Surface no. T d nd vd 0gf
" 0115 1% -11.654 890 153368 5590  0.563
= 2% -53.270 0.09
;*i: 3122926‘05"*6 =-4.40257¢-08 3% 32497 773 1.63490 2388  0.630
surlace 4% -18.865 0.05
Cm2am 55 5% 609908 055  1.58364 3030  0.599
= 6* 43.689 0.05
§§l=—r?.1884le—05,A6=—1.696506—06,A8=4.50496e—08 > 13655 870 149700  8L6l 0538
surlace g -30.942 0.05
L1359 9 54,201 6.26  1.61800  63.33  0.544
= 10 -13279 050 172047 3471 0583
Ad =-7.73141e-05, A6 = 3.20836e-07, A8 = 14537508 1 J1817  am
16th surface 60 12(Stop) © 114
61 13 -31961 0.2 172047 3471 0583
=-1 14 25513 4.08  1.61800 6333  0.544
Ad = -3.80858e-05, A6 = 6.00548e-07, A8 = -3.31015e-09 15 233246 015
17th surface 16* 18998 840 149700 81.61  0.538
17* -27.856  12.95
k=0.087 65 18* -14.193 809 158364 3030 0599
Ad = -6.24513e-05, A6 = -2.33471e~07, A8 = 7.81939e-09 19% -19.094  4.04
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-continued -continued
Unit mm Unit mm
20% -13.249 1054  1.58364  30.30  0.599 5 23th surface
21% -10.558 439
22% -22.376 526  1.63490  23.88  0.630 k=-1442
23%* -37.463 0.05 A4 =-1.86838e-05, A6 = —1.59948¢—08, A8 = —2.14349¢-11,
24%* 10.448 8.01 1.53368 55.90 0.563 A10 =-4.13529e-13
25% 5.391 8.22 24th surface
26 o 030 151640 6506 0335 g
27 o 8.21 K= 4203
Image plane « A4 =-1.26702e-04, A6 = 3.03286e~07, A8 = 8.98650e~10,
A10 =-3.27718e-12
Aspherical Surface data 35th surface ©
1st surface
13 k=-1.867
k= 1.075 A4 =-1.38264e-04, A6 = 1.20863¢—06, A8 = —5.84639¢-09,
A4 =-3.07742e-04, A6 = 9.46748e-06, A8 = -3.95246e-07 Al10 =1.39250e-11
2nd surface
Various data
k=0.243 20
A4 =-2.62486e-04, A6 = 1.05472e-06, A8 = —1.12886e-08 NA 0.60
3rd surface Magnification -3.55
Focal length 12.29
k=-0.422 Image height(mm) 10.82
A4 =1.05645e-05, A6 = 4.99657e—08, A8 = 2.12551e-10 fb(mm) (in air) 16.62
4th surface 25 Lens total length(mm) (in air) 119.56
k=-2.716
A4 =1.02640e-05, A6 = 3.36920e—07, A8 = —5.29009¢—10
5th surface
Example 68
k = -1981.989 30
A4 =-2.50643e-06, A6 = -1.03156e-08
6th surface
k=0.024 Unit mm
A4 =3.45165e-06, A6 = —4.51348e-11
7th surface 35 Surface data
Surface no. T d nd vd Ogf
k=-2412
A4 =-1.51250e-05, A6 = —7.89064e-08, A8 = 6.63287e-10 1% —63.538 10.02 1.85135 40.10 0.569
8th surface 2% 32.204 0.05
w0 3 32.533 7.00  1.53368  55.90  0.563
k=1432 4% -106.297 0.26
A4 =-1.17703e-05, A6 = 2.10026e-08, A8 = 1.62417e-10 5% 54.300 1000 1.49700  81.61  0.538
16th surface 6* -23.738 0.98
7% 85.904 420 149700  81.61  0.538
k=-1.632 8* -97.520 0.06
A4 = -6.09995e-06, A6 = 2.72227e-08, A8 = —7.60562e-11 45 9: 105.081 8.88 163490  23.88  0.630
17th surface 10 -33.023 0.42
1% -38.264 2.80  1.58364  30.30 0599
k=0.162 g* 2323411 1(1)'257; 1.49700  81.61 0538
i\;ﬂj —91;427416—06,A6 =-1.49326e-08, A8 = 6.00257e~11 1 52396 S75s 172047 3471 0583
Sur-ace 15 ~112.813 3.53
50 16(Stop) @ -1.56
k=0.151 17* 70.148 254 153368 5590  0.563
A4 =1.94021e-06, A6 = 1.05693e—07, A8 = 8.44621e-10 18%* _183.515 0.24
19th surface 19 -284.510 892 149700  81.61  0.538
20 -28.520 841 172047 3471  0.583
k=-2.829 21 198.897 1749 149700  81.61  0.538
A4 =3.81519e-06, A6 = —6.91852e-08, A8 = 2.583538e—10 55 22 -40.316 16.34
20th surface 23% 93.660 546  1.84666  23.78  0.620
24% 212.953 16.44
k=-0623 25% 25.378 946  1.53368 5590  0.563
A4 = —2.50444e-06, A6 = —3.72162e~08, A8 = —1.04792e-09 26% -119.565 0.48
21th surface 27% 52.177 9.92  1.53368 5590  0.563
0 2 10.383 12.85
29% -44.349 733 1.53368  55.90  0.563
k=-1.166 30% 53.218 2.07
;\;ﬂj 2.0f83286—05,A6=—9.680556—08,A8=—1.110676—10 ot oot 1600 153368 5500 0563
surlace 30% 50.820 2.00
33 o 030  1.51640  65.06  0.535
k =-30.999 34 w0 1.80
A4 =2.88686e—05, A6 = —9.73152e-08, A8 = -4.06882¢-10, 65 Image plane o

Al10=1.90801e-13
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-continued -continued
Unit mm Unit mm
Aspherical Surface data 5 27th surface
1st surface k=-11.909
A4 =-575821e-06, A6 =3.19672e-08, A8 = -4.31284e-11
k=4.443 28th surface
A4 =-1.05776e-04, A6 = -3.64425e-07, A8 = 1.98904e-09
2nd surface k=-1.033
10 A4 =-2.20475e-05, A6 =7.79789¢-08, A8 = 9.56535¢-11
k=-19.238 29th surface
A4 =-3.91023e-05, A6 =-3.11804e-08, A8 = -5.67242¢-11
3rd surface k=15439
A4 =-2.60359e-05, A6 =9.13286e-08, A8 =2.72747e-12
k=-20.954 30th surface
A4 =2.62599e-06, A6 = 1.82851e-08, A8 = 4.54659%-11 15
4th surface k=2910
A4 =-1.84445e-06, A6 = 5.39362e-08, A8 = -9.42280e-11
k = 9.940 31th surface
A4 =-1.61900e-05, A6 =9.03155e-09, A8 = 1.79996e-10
Sth surface k=-0.869
20 A4 =3.33460e-05, A6 =-1.85661e-08, A8 = 8.80359%¢-11
k1123 32th surface
A4 =2.67856e-07, A6 =-3.15865e-08, A8 = 3.49785e-11 k=-24.510
6th surface Ad=-1.19291e-05, A6 = -5.06023e-10, A8 = —1.47595e-11
k=-2.027 Various data
A4 =3.50357e-06, A6 =2.04747e-08, A8 = 6.93297e-11 25
7th surface NA 0.60
Magnification -3.51
k=249 Focal length 7.51
A4 = -4.68859¢-06, A6 = —7.75345e-09, A8 = 6.02390e—11 Image height(mm) 20.78
&th surface fb(mm) (in air) 4.00
30 Lens total length(mm) (in air) 196.17
k=3.339
A4 =3.50988e-07, A6 =2.15482e-08, A8 = -2.56013e-11
9th surface
Example 69
k =3.604 35
A4 =1.20384e-07, A6 = 1.78755e-08, A8 = -3.15317e-13
10th surface
Unit mm
k=0.355
A4 =1.24700e-05, A6 = 2.89708e-10, A8 = 3.47525e-11 Surface data
11th surface 40
Surface no. T d nd vd Ogf
k=1.839
A4 =3.37433e-06, A6 = 3.63821e-09, A8 = 5.61429e~11 1 -29.955 5.67  1.85135  40.10  0.569
12th surface 2% 21.219 0.05
3% 26.565 3.07 1.53368 55.90 0.563
4% -29.352 0.05
k=-10.495
45 *
A4 =-1.54011e-05, A6 = -1.49070e-09, A8 = 3.23097e-11 2* _f;ﬁi gég 1.49700 81.61 0.538
17th surface 7 41.662 1690 149700 8161 0538
8* -59.590 0.05
k=0.528 9% 44.366 3.67  1.63490  23.88  0.630
A4 = -5.62809e-07, A6 = -5.77511¢-09, A8 = ~1.61623e-11 10% 17902 0.50
18th surface 50 11%* -19.670 121 1.58364 3030  0.599
12%* 30.021 0.20
k=-142.321 13 23.366 5.25 1.49700 81.61 0.538
A4 =4.44624e-06, A6 = 9.06780e-09, A8 = -3.00760e-11 14 -12.616 0.50 1.72047 34.71 0.583
23th surface 15 68.194 231
16(Stop) @ -1.10
k——1.909 55 17% 21.245 185  1.53368 5590  0.563
A4 = -9.55582e-07, A6 = —2.84663e-09, A8 = 4.48649e—12 18% -93.246 0.09
24th surface 19 —148.608 2.90 1.49700 81.61 0.538
20 -12.601 1.24 1.72047 34.71 0.583
k= -158.290 ;; ;712413 25? 1.49700 81.61 0.538
A4 =-2.56151e-06, A6 =-1.96788e-09, A8 = 4.34014e-12 o3% 34 680 510 1.84666 2378 0.620
25th surface 60 4% 92.807 047
25% 12.166 7.28 1.53368 55.90 0.563
k=-1.408 26* -40.917 0.63
A4 =-7.29707e-06, A6 =-3.93011e-09, A8 = -1.35076e-11 27 40.697 4.65 1.53368 55.90 0.563
26th surface 28 5.464 496
29% 69.863 4.34 1.53368 55.90 0.563
k=-36.249 65 30% -23.297 244
A4 =6.21711e-07, A6 = -2.35958e-09, A8 = -9.91770e-12 31% -8.406 3.04 1.53368 55.90 0.563
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-continued -continued
Unit mm Unit mm
13.145 2.00 26th surface
] 0.30 1.51640 65.06 0.535 5
] 0.95 k=-3.839
Image plane ] A4 =-8.01566e-06, A6 = -2.54791e-07, A8 = -1.15935e-09,
A10 =-2.54003e-14
Aspherical Surface data 27th surface
1st surface 10 k =-34.425
A4 =-4.77157e-05, A6 = 1.08255¢-06, A8 = -4.06557e-09
k=-2.844 28th surface
A4 =-595233e-04, A6 = -2.01185e-05, A8 = -4.04057e-08
2nd surface k=-1.002
A4 =-1.54742e-04, A6 = 2.47821e-06, A8 = -3.91574e-09
k=-26.594 15 29th surface
A4 =-2.91563e-04, A6 = 3.38545e-08, A8 = -4.48601e-09
3rd surface k =-50.008
A4 =-5.21414e-05, A6 = 4.83615¢-07, A8 = -8.84765e-09,
k=-38.988 Al10=1.50137e-12
A4 =1.31076e-05, A6 = 1.39853e-07, A8 = 7.03094e-09 30th surface
4th surface 20
k=-29.019
k=7.191 A4 =1.22863e-04, A6 = 8.90770e-07, A8 = —5.28257e-09,
A4 =-8.19846e-05, A6 = -3.06820e-07, A8 = 2.47340e-08 Al10 =5.46743e-13
5th surface 31th surface
k=1.384 k=-0.773
A4 =5.08576e-06, A6 = -7.77373e-07, A8 = 6.23909e-09 25 A4 =3.16385e-04, A6 = 9.74440e-08, A8 = 1.40543e-08,
6th surface Al10 =-5.53413e-14
32th surface
k=-1.761
A4 =1.48354e-05, A6 = 4.86920e-07, A8 = 6.06003e-09 k=-16.868
7th surface A4 =-1.76589¢-04, A6 = 8.02882e-07, A8 = -7.40507e-09,
30 Al10=-1.70931e-12
k=-14.126
A4 =-5.35357e-05, A6 = -2.25010e-07, A8 = 6.88366e-09 Various data
8th surface
NA 0.59
k=-2.133 Magnification -3.51
A4 =1.05864e-05, A6 = 6.95122e-07, A8 = -3.15146e-09 35 Focal length 3.49
9th surface Image height(mm) 10.82
fb(mm) (in air) 3.15
k=3.451 Lens total length(mm) (in air) 87.44
A4 =2.22795e-06, A6 = 4.87778e-07, A8 = —1.66619e-09
10th surface
40
k=0.360 Example 70
A4 =1.03539e-04, A6 = -6.33943e-08, A8 = 4.04592e-09
11th surface
k=1.941 .
A4 =2.37787e-05, A6 = 1.62382e-07, A8 = 7.66827e-09 45 Unit mm
12th surface Surface data
k=-10.761 Surface no. T d nd vd Ogf’
A4 =-1.30990e-04, A6 = -1.71078e-07, A8 = 5.02262e-09
17th surface 1 -51.987 512 1.85135 4010 0569
50 2% 34.312 0.50
k=-0.267 3% 36.711 2.87 1.53366 55.96 0.555
A4 =-1.00551e-05, A6 =-2.52136e-07, A8 = 4.24466e-10 4% -92.469 0.20
18th surface 5% 26.612 4.74 1.49700 81.61 0.538
6* -11.451 0.05
k =-207.405 7* 45.611 2.06 1.49700 81.61 0.538
A4 =2.84376e-05, A6 = 3.79772e~07, A8 = —4.21658e—-09 55 8%* -54.045 0.20
23th surface 9% 33.570 344 1.63484 2391  0.622
10%* -21.835 1.05
k=-1.706 g: —iﬁggi 822 1.58360 30.33 0.591
;\jﬂl—suzléllgfﬂe 06, A6 =-8.60971e-08, A8 = 7.01716e-10 5 50,888 508 149700 3161 0538
60 14 -9.919 0.50 1.72047 34.71 0.583
15 2653.840 0.67
k=-186.451 16(Stop) w 0.00
A4 =-2.28317e-05, A6 = -6.42653e-08, A8 = 6.74174e-10 17% 22.326 573 1.53366 55.96 0.555
25th surface 18% -48.583 0.50
19 -361.891 3.71 1.49700 81.61 0.538
k=-1.569 20 -14.580 0.81  1.72047 3471  0.583
A4 =-6.55071e-05, A6 = -2.05782e-07, AB = -4.37955e-09, 65 21 49.171 13.96 1.49700 81.61 0.538
Al10=-2.52773e-14 22 -23.109 1.04
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-continued -continued
Unit mm Unit mm
23* 34.641 3.26 1.84666 23.78 0.621 24th surface
24 68.766 8.81 5
25% 14.872 7.26 1.53366 55.96 0.555 k =0.000
26* —32.487 0.20 A4 =-2.71164e-05, A6 = —-5.85984e-08, A8 = 5.28978e~-10
27* 24.860 4.91 1.53366 55.96 0.555 25th surface
28* 5.064 10.91
29% -6.358 3.04 1.53366 55.96 0.555 k=-1.287
30% —143.898 1.00 10 A4 =-5.62805e-05, A6 =-7.66209¢-08, A8 = —1.46489¢-09
31 @ 0.30 1.51633 64.14 0.535 26th surface
32 @ 2.00
Image plane @ k=-28138
A4 =-8.59208e-06, A6 =-1.62519e-07, A8 = -5.25099¢-10
Aspherical Surface data 27th surface
15
1st surface k=-11.343
A4 =-9.45284e-05, A6 = 8.98312e-07, A8 = -3.28383e-09
k=-2324 28th surface
A4 =-599284e-04, A6 =-2.07443e-05, A8 = —-5.78774e-08
2nd surface k=-1.166
20 A4 =-2.25428e-04, A6 =2.61901e-06, A8 = -9.65650e-09
K = —45.735 29th surface
A4 =-3.42295e-04, A6 =-7.55261e-07, A8 = —1.43674e-08 k=-0771
3rd surface Ad = -1.76889e~04, A6 = 3.16654e~06, A8 = —5.43037e~08
30th surface
k=-4.989
A4 =1.53046e-05, A6 =-3.22204e-07, A8 = 1.52980e-08 25 k =0.000
4th surface A4 =-3.96799e-04, A6 = 8.52970e-07, A8 = -2.37397e¢-09
k =10.000 Various data
A4 =-1.19884e-04, A6 = 7.20040e-07, A8 = 1.57561e-08
5th surface NA 0.62
30 Magnification -3.55
k=2.681 Focal length 3.98
A4 = 5.727656-06, A6 = —6.117216-07, A8 = 7.662946—09 Image height(mm) 11.04
6th surface fb(mm) (in air) 3.20
Lens total length(mm) (in air) 95.03
k=-2.065
A4 =237171e-05, A6 = 6.14576e-07, A8 = 9.37247e-09 33
7th surface Example 71
k=18.756
A4 =-2.94464e-05, A6 =-1.23697e-07, A8 = 8.83931e-09
8th surface 40 :
Unit mm
k=-18.390
Ad = 1.93047e-05, A6 = 8.03884e-07, A8 = —2.96453e-09 Surface data
9th surface
Surface no. T d nd vd Ogf
k=4712 "
A4 =2.70731e-07, A6 =5.42517e-07, A8 = -1.96572e-10 4 i* _;3;23 33§ 1.85133 40.10 0.569
10th surface ’ ’
3* 32.705 3.04 1.53366 55.96 0.555
4% -33.718 0.05
k=059 5 30277 537 149700 8161  0.538
A4 =9.35359e-05, A6 = 8.42783e-08, A8 = 1.48700e-09 6% ~9.108 1.92
11th surface 50 7* 30.171 4.74 1.63484 23.91 0.622
8* -20.083 0.50
k=1.834 9* -21.758 0.50 1.58360 30.33 0.591
A4 =294251e-05, A6 =-5.71155e-08, A8 = 8.02874e-09 10* 20.217 0.31
12th surface 11 22.752 535 1.49700 81.61 0.538
12 -11.085 0.50 1.72047 34.71 0.583
k= _8347 55 13 109760 1.33
A4 =-9.71672e-05, A6 = 9.03846e-09, A8 = 5.98733e-09 14(Stop) © -1.02
17th surface 15% 19.480 3.80 1.53366 55.96 0.555
16* -36.243 0.50
o M inoew aa oo
A4 =-1.13272e-05, A6 =-1.77520e-07, A8 = 1.69868e-09 19 63.152 1017 1.49700 3161 0538
18th surface 60 29 21328 557
21% 33.223 2.86 1.84666 23.78 0.621
k =0.000 2% 62.274 1012
A4 =4.90449e-05, A6 = 8.80405e-08, A8 = 2.05302e-12 23 13.399 6.98 1.53366 55.96 0.555
23th surface 24 -44.297 0.10
25% 23.820 479  1.53366 5596  0.555
k=-0.340 65 26% 5404 1039
A4 =-499251e-06, A6 =-1.15596e-07, A8 = 5.65807e-10 27* -5.660 2.59 1.53366 55.96 0.555
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Unit mm Unit mm
28* -57.346 1.00 26th surface
29 @ 0.30 1.51633 64.14 5
30 @ 1.99 k=-1.038
Image plane @ A4 =-1.80783e-04, A6 =9.34922e-07, A8 = -2.73424e-09
27th surface
Aspherical Surface data
k=-0.796
Lst surface 10 Ad = 2.33856e-05, A6 = 1.10760e-06, A8 = —4.51672e-08
28th surface
k=-2.324
A4 =-599284e-04, A6 =-2.07443e-05, A8 = —-5.78774e-08 k=0.564
2nd surface e
A4 =-3.12661e-04, A6 = 2.54558e-07, A8 = —-1.58646e-09
k=-8.453 15 .
A4 =-3.06218e-04, A6 = —6.21190e-07, A8 = —3.79375¢—09 Various data
3rd surface
NA 0.60
k =-10.000 Magnification -3.53
A4 =-2.32237e-05, A6 = —4.72804e-07, A8 = 1.21769e-08 Focal length 3.86
4th surface 20 Image height(mm) 11.04
fb(mm) (in air) 3.18
k=9.824 Lens total length(mm) (in air) 93.13
A4 =-9.50929e-05, A6 =4.21290e-07, A8 = 1.39565¢-08
5th surface
k=0.977
A4 =-1.41054e-06, A6 = —7.40956e-07, A8 = 9.05571e-09 25 Example 72
6th surface
k=-1.674
A4 =-1.61992e-06, A6 = 3.89543e-07, A8 = 9.27075e-09
7th surface Unit mm
30
k=4.822 Surface data
A4 =-3.06329e-06, A6 = 5.40103e-07, A8 = 3.70020e-10 Surface mo. R d nd vd 0ef
8th surface
1* -36.181 28.58 1.53368 55.90 0.563
k=0.187 35 2% -56.946 0.76
A4 =1.04929e-04, A6 = 2.35490e-07, A8 = 2.61993e-09 3k 61.405 21.75 1.63490 23.88 0.630
9th surface 4% ~75.609 1.28
5% 31.784 13.63 149700  81.61  0.538
k=1.884 6* -109.442 0.05
A4 =1.43703e-05, A6 =-1.78034e-07, A8 = 9.88090e-09 7 -131.758 11.91 1.61800 63.33 0.544
10th surface 40 8 -32.872 1.02 1.72047 34.71 0.583
9 118.946 2.88
k=-9975 10(Stop) w 453
A4 =-1.06112e-04, A6 = 2.10535e-07, A8 = 3.08727e~09 11 -75.872 104 172047 3471  0.583
15th surface 12 62.232 13.45 1.61800 63.33 0.544
13 -92.209 2.29
k=-0105 14* 55.068 22.12 1.49700 81.61 0.538
A4 =-1.01308e-05, A6 = -9.94355e-08, A8 = 2.46319¢-09 415 -67.262 34.05
16th surface ’ ’ 16* -33.410 0.69 1.58364 30.30 0.599
17* -66.553 65.37
18* -110.319 24.35 1.63490 23.88 0.630
k=-9.295 19% ~70.789 9.27
A4=5.21616e—05,A6 =2.67714e—07,A8= 8.32227e-10 20% 28.392 16.92 1.53368 55.90 0.563
21th surface 50 21% -885.222 0.49
22% 189.555 21.44 1.53368 55.90 0.563
k=-0.825 23% 11.316 18.40
A4 =-471738e-06, A6 =-1.19133e-07, A8 = 6.33286e-10 24 @ 0.30 1.51640 65.06 0.535
22th surface 25 ] 0.07
Image plane @
k=-9.836 55
A4 =-2.62975¢-05, A6 = —4.49742e-08, A8 = 5.50344e-10 Aspherical surface data
23th surface
1st surface
k=-1.187
k=-173.796
Ad = =5.593930-03, A6 = ~2.199810-07, A8 = ~1.27378-09 Ad = -3.35526e-04, A6 = 1.26109¢-05, A8 = =3.73711e-07
24th surface 60 ond surf;
nd surface
k=-9425 k=5.9%4
A4 =-3.47590e-06, A6 =-2.14126e-07, A8 = —4.68874e-10 A4 = -1.68456e-05, A6 = 1.61406e-08, A8 = —3.13890e-11
25th surface 3rd surface
k =-10.000 65 k=-0972

A4 =-9.66569e-05, A6 =9.71367e-07, A8 = -4.26857e-09

A4 = -6.35538e-07, A6 = 1.17469e-09, A8 = -2.12993e-13



US 9,151,937 B2

-continued Example 73
Unit mm
4th surface 5 Unit mm
k=-7.795 Surface data
A4 = 6.08950e-07, A6 = 2.28598¢-09, A8 = —1.15413e—12
Surface no. T d nd vd Ogf
5th surface
0 U -40.282 479  1.58364 3030 0.599
k=-2835 2% 463.655 0.15
A4 =-1.32987e-06, A6 =-7.65103e-10, A8 = -7.52953e-14 3% _56.383 3.04 1.53368 55.90 0.563
6th surface 4% -22.798 0.05
5% 52.768 331 1.53368 5590  0.563
k=6.750 6* -30.496 0.05
Ad = —1.65736e-06, A6 = —2.85490e~10, A8 = 1.21681e~12 15 7 99.502 430 1.53368 5590  0.563
14th surface 8t ~15.870 0.05
o* 55.361 256  1.53368 5590  0.563
10% ~40.687 0.05
k=-0.859 11%* -41.002 070 158364  30.30  0.599
A4 =-1.10335e-06, A6 =-2.25718e-10, A8 = 1.30529¢-13 12% —132.635 0.05
15th surface 13% -197.895 252 1.63490  23.88  0.630
20 14% -19.020 0.05
k=0.165 15% -24.922 0.70  1.58364  30.30  0.599
Ad =3.950326-08, A6 = —6.71393e-10, A8 = 2.80361e-13 16% 37.592 0.05
L6th surface 17 32.596 6.26 149700  81.61  0.538
18 -15.766 070  1.72047 3471  0.583
19 —483.885 0.05
k=-0459 55 20(Stop) ® -0.00
A4 =4.57377e-06, A6 = -3.03724e-09, A8 = 9.29938e-13 21% 31.326 1.93 1.53368 55.90 0.563
17th surface 22% 336.567 0.43
23 129.510 553 1.49700  81.61  0.538
ke 4247 24 -16.383 0.69  1.72047 3471  0.583
: 25 44.942 529  1.49700  81.61  0.538
A4 =5.69051e-06, A6 = -4.82179e-09, A8 = 1.67011e—12 4 26 _28.775 1044
18th surface 27% 43.477 320 1.84666  23.78  0.620
28 108.100 8.65
k=-63.971 20 13.858 7.47  1.53368 5590  0.563
Ad = 1.346366-06, A6 = —3.87038¢-09, A8 = —3.48009—13, g?: ‘gg-iéé égz 53368 5590 0.563
A10=1.77701e-15 Jox 4837 757
19th surface 35 33% -354.887 1.05  1.53368 5590  0.563
34% -13.673 1.18
k=-1.377 35% -10.332 147  1.53368 5590  0.563
Ad = —6.47891e-07, A6 = 1.15104e-10, A8 = —1.46999—12, 33* 10.221 é-gg Lsteso 6506 0535
@ .. . . ..
A10 = 1.56999e-15 e - L7
20th surface 40 Image plane ]
k=-1.324 Aspherical surface data
A4 = -3.275956-06, A6 = 5.51173e-09, A8 = —9.45068¢-13,
A10 = 5.261326-15 Lst surface
21th surface 45 k= —3.208
A4 = -4.00276e-04, A6 = —1.07790e—05, A8 = —1.87287e-08
k=-1.000 2nd surface
A4 =5.09843e-07, A6 = ~7.59988e-10, A8 = —3.15984e—12
22th surface k=7.798
A4 = -2.757586-04, A6 = 2.10308e-08, A8 = —1.33321e-08
k= —1.000 50 3rd surface
A4 = -1.12247e-06, A6 = —1.43359¢-09, A8 = —-6.54554e-12 K= 18910
23th surface A4 = -2.56423e-05, A6 = 8.98086e-08, A8 = —7.50836e-10
4th surface
k=-0.877
A4 = -2.888246-05, A6 = 1.68813e-07, A8 = —5.77452e-10, 55 k=4.218
A10 =7.15614e-12 A4 =-8.97703e-05, A6 = 6.34630e-09, A8 = 1.59473e-10
5th surface
Various data
k=2.825
A4 = 4.35005e-06, A6 = -3.43208¢-07, A8 = 1.63947e—09
NA 0.81 60 6th surface
Magnification -3.56
Focal length 23.68 k =-1.000
Image height(mm) 7.93 A4 = —2.56460e—-06, A6 = 2.06882e-08, A8 = 5.97876e—10
fb(mm) (in air) 18.67 7th surface
Lens total length(mm) (in air) 316.53
65 k =-1.000

A4 =-3.77951e-06, A6 = —6.33826e-09, A8 = 6.94696e-10
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Unit mm Unit mm
8th surface s 35th surface
k=-1.945 k =-5.308
A4 =3.71988e-06, A6 = -6.66431e-08, A8 = 2.51358e-09 A4 =2.75881e-04, A6 = 2.51333e-07, A8 = 1.18669¢—08
9th surface 36th surface
11:: ;1—%1.42)4566346—05 A6 =-2.46856e-07, A8 = 2.65735¢-09 10 k=-14.558
' ’ : ’ : A4 =-1.72642e-04, A6 = 1.29748e-06, A8 = —-2.49913e-08
10th surface
Kk = -1.000 Various data
A4 =1.06948e-06, A6 =9.57333e-09, A8 = 3.5315%9-11
11th surface NA 0.80
15 Magnification -3.54
k=-1.000 Focal length 3.60
Ad = 9.00548¢-08, A6 = 1.08965e~08, A8 = 2.56428e~11 Image height(mm) 7.39
12th surface fb(mm) (in air) 3.27
Lens total length(mm) (in air) 94.87
k=-25.185
A4 =1.20782e-05, A6 = 3.66535e-07, A8 = -1.92641e-09 20
13th surface
k=9.934 Example 74
A4 =-5.58480e-06, A6 = 3.40383e-07, A8 = —7.89811e-10
14th surface
k=0.011 25
A4 = 6.84867e-05, A6 =2.15623e-08, A8 = 3.28107¢-09 Unit mm
15th surface
Surface data
k=2.072
A4 =1.58083e-05, A6 = 1.06906e—-07, A8 = 3.45403e-09 Surface no. T d nd vd Ogf
16th surface 30
1* -22.220 11.55 1.53368 55.90 0.563
k=-5.656 2% -110.607 0.80
A4 =-8.90526e-05, A6 =-2.43611e-07, A8 = 1.71510e-09 3% 69.374 9.96 1.84666 23.77 0.620
31th surface 4% -55.648  11.12
5% -53.462 3.04 1.58364 30.30 0.599
k=0012 35 6% -1333.696 0.30
A4 =-4.60350e-06, A6 =-1.00301e-07, A8 = 1.22359¢-09 7* 41.975 11.11 1.49700 81.61 0.538
22th surface 8* -33.586 6.66
9 -93.239 5.38 1.61800 63.33 0.544
k=-1157.205 10 -21.843 1.00 1.72047 34.71 0.583
A4 =2.04437e-05, A6 = 1.78478e-07, A8 = 1.96410e-10 11 39.981 13.59
27th surface 40 12(Stop) ® 1.53
13 -61.889 1.00 1.72047 34.71 0.583
k=0320 14 50.762 524 161800  63.33 0544
A4 = -1.89280e-06, A6 = —5.83570e~08, A8 = 1.95523e-10 15 -54.934 0.10
28th surface 16* 59.467 7.14 1.49700 81.61 0.538
17* -66.460 0.10
*
k=-177.199 45 }g* _gigii ;gg 1.49700 81.61 0.538
;\;ﬂl—s;igf‘397e—05,A6 =-2.74436e-08, A8 = 1.63913e-10 20% _64.204 300 1.58364 30.30 0.599
21% 444.592 8.67
22% 71.214 10.98 1.63490 23.88 0.630
k=-1424 23 -83225  28.34
Ad = —4.449646—05, A6 = —1.147316—07, A8=-1.32031e-09 24% —67.867 6.01 1.53368 55.90 0.563
30th surface 50 25% -608.925 5.07
26* -29.940 1.00 1.53368 55.90 0.563
k =-49.536 27* 92.925 5.00
A4 =-3.58778e-06, A6 =-1.51652e-07, A8 = -4.21497e-10 28 @ 0.30 1.51640 65.06 0.535
31th surface 29 ] 6.50
Image plane @
k=-11.097 55
A4 = -4.018066-05, A6 = 5.78536e-07, A8 = —3.83048¢—09 Aspherical surface data
32th surface
1st surface
k=-1.067
A4 =-5.14012e-05, A6 = 3.96589e-06, A8 = 5.12675e-10 k=-3.559
’ ’ ’ : A4 =7.43178e-07, A6 =9.21714e-09, A8 = 5.34633e-12
33th surface 60 ond surf:
nd surface
k =-84.746 k = -56.705
A4 =-9.39725e-05, A6 = 2.40683e-06, A8 = 1.83664e-08 A4 =1.26171e-05, A6 = -2.11058¢-08, A8 = 1.11767e~11
34th surface 3rd surface
k=-19.376 65 k=-0.891

A4 =3.43366e-04, A6 = 1.79039e-06, A8 = —6.69090e-09

A4 =-474513e-07, A6 = -1.03632e-10, A8 = 4.27759¢-13
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Unit mm Unit mm
4th surface 5 Various data
k =-2.005 NA 0.23
A4 =-2.95949¢-07, A6 = 1.71592¢-09, A8 = -1.02814e-12 Magnification -1.33
5th surface Focal length 23.92
Image height(mm) 21.63
k =0.000 fb(mm) (in air) 11.70
A4 =1.12076e—06, A6 = —3.15698¢-09, A8 = -9.10021e-12 10 Lens total length(mm) (in air) 175.01
6th surface
k=0.000
A4 =-1.68052e-06, A6 = —2.21792¢~10, A8 = —7.11388e-12
7th surface Examp]e 75
15
k=-2.402
A4 =-2.97163e-07, A6 = —2.14703e-09, A8 = 5.48901e-12
8th surface
Unit mm
k=-3.764
A4 =-7.20305e-07, A6 = —1.04316e-09, A8 = 3.58089¢-12 20 Surface data
16th surface
Surface no. T d nd vd Ogf
k=-0.278
A4 =9.99889e—07, A6 = —1.23318e-09, A8 = =5.26020e-13 1% -18.167 3.69  1.53368  55.90  0.563
17th surface 2% -6801.076 0.08
3% 21.678 6.12  1.84666  23.77  0.620
k =-0.949 25 g -284.362 0.36
A4 =6.09329¢—08, A6 = —2.45917e-10, A8 = 8.84736e-16 5% 12.760 5.89  1.49700  81.61  0.538
18th surface 6% -83.302 2.65
7 -13.598 1.64 159522 6774  0.544
k=3.430 8 -8.480 070  1.72047 3471  0.583
A4 =2.90794e-08, A6 = 5.65189¢~10, A8 = —6.39630¢-16 o 110487 4.96
10th surface 30 10(Stop) o 0.80
11 -48.292 070  1.72047 3471  0.583
Ko 22160 g _gégg 3:(5); 1.61800  63.33 0544
A4 =-3.62571e-07, A6 = —3.42492¢-09, A8 = -3.01979%-13 14 28.235 120 149700 8161 0538
20th surface 15+ -20.667 0.05
35 16% 30.523 486 149700  81.61  0.538
k=-0.380 17* -26.992 2.22
A4 = 9.156476—07, A6 = —7.304706—09, A8 =-7.03078e-13 18% -43.570 1.92 1.58364 30.30 0.599
21th surface 19* 28.439 3.33
20% 37.236 3.81  1.63490  23.88  0.630
k=0.000 21% -37.308 12.91
A4 =1.54086e—06, A6 = 1.31932e—09, A8 = 6.29723e-16 a0 2" -11.417 0.70  1.53368 5590  0.563
22th surface 23% -54.620 3.52
24% -15.141 1.00 153368 5590  0.563
k—_8393 25% 52.853 1.42
A4 = 1.48279e-07, A6 = 1.47956e-10, A8 = 2.41697e~13, 26 @ 030 151640  65.06  0.535
A10 = —4.40436e-16 27 e 0.50
23th surface 45 Image plane «
k= 0.000 Aspherical surface data
A4 =-1.31114e-06, A6 = 1.09844e-09, A8 = -5.20796e-13, Lst surface
Al10 =1.48100e-16
24th surface k=-4386
50 A4 =8.13964e-05
k=-2311 2nd surface
A4 =-2.41567e-05, A6 = 2.27044e-08, A8 = -4.28423¢-11,
A10 = -3.47983¢-14 k=-48.345
25th surface A4 =-1.43933¢-04, A6 = -8.00000e-08
3rd surface
k=0.000 55
A4 = -4.10895¢-06, A6 = —3.67106e-09, A8 = -4.04819-11, k=-0.148
ALO = -2 16188617 A4 =2.624356-05, A6 = 7.46587e-08
26th surface 4th surface
k=-2471
k=0.000
A4 =-1.11631e-06, A6 = 8.03468e-09, A8 = —1.08760e-11, 60 ?;f L131562-04, A6 = -3.03432¢-07
surface
A0 = 2.40056e-17
27th surface k = 0.000
A4 =-328501e-05
k=-33.623 6th surface
A4 =-2.66905e-05, A6 = 4.78713e-08, A8 = -7.55486e-11,
AL0 = 4.72095e~14 65 k=0.000

A4 =1.86975e-04, A6 = 1.18474e-06
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Unit mm Unit mm
14th surface 8* -10.668 1.93
5 9 -37.991 1.88  1.61800  63.33  0.544
k=-0.451 10 -6.858 0.70  1.72047 3471  0.583
A4 = —-7.69062e-06, A6 = —1.43734e-08 11 12.533 3.26
15th surface 12 (Stop) @ 0.31
13 -25.651 0.70  1.72047 3471  0.583
k=-1.249 14 12.946 221 1.61800  63.33  0.544
A4 =2.024936-05, A6 = 4.19132e-09 10 15 -21.372 0.05
16th surface 16* 25.619 3.07 149700  81.61  0.538
17* -16.426 0.05
k =0.000 18% 23.987 3.45 149700  81.61  0.538
A4 = -8.45589¢-06, A6 = 8.20795-08 19% -18.969 0.05
17th surface 20% -67.273 1.10 158364 30.30  0.599
15 21% 23516 0.82
k=-1.911 22% 23.296 310 1.63490  23.88  0.630
A4=—3.58629e—05,A6 =5.27389e-08 23% -29.511 11.11
18th surface 24 -16767 050 1.53368 5590  0.563
L= 0212 25% -22.808 1.74
= 26%* ~7.454 0.50  1.53368 5590  0.563
12458;35;95%-05, A6 =-5.778156-08 20 Yy 39382 200
28 @ 0.40  1.51640  65.06  0.535
K = 0.000 29 @ 2.09
A4 = —4.80004e-05, A6 = —6.13427e—08 Image plane @
20th surface
Aspherical surface data
k=-6.911 25
A4 =3.04669¢-05, A6 = —1.68754e-07 Lst surface
21th surface
k=-3.337
k =0.000 A4 =7.81336e-05, A6 = 7.26382e-07, A8 = 2.76889¢—08
A4 = 1.99883e-06, A6 = —1.14266e-08 ond surface
22th surface 30
k=-12.283
k=0.000 A4 = 1.65761e~04, A6 = —4.78004¢-06, A8 = 1.77405¢-08
A4 = -3.55672e-05, A6 = 1.28738e-06 o surface
23th surface
K=0.000 35 k =-0.001
A4 = 7.716800-05 A4 = 2.82582¢-06, A6 = 6.40852e-09, A8 = 4.33750e—-09
24th surface 4th surface
k =0.000 k=-3.772
A4 = 1.41483e-04, A6 = 1.00000e-07 A4 =3.75820e-05, A6 = 3.81325¢-07, A8 = -1.37171e-09
25th surface 40 5th surface
k = -200.000 k =0.000
A4 =-1.00622e-04, A6 = -2.32970e-07 A4 =7.52926e-05, A6 = -1.78578e-06, A8 = —1.36686e-08
6th surface
Various data
45 k =0.000
Nao 0.23 Ad = —5.68162¢-03, A6 = —3.39505¢-07, A8 = ~3.46650e—0
Magnification -1.33 7th surface
Focal length 8.65
It;nage hellghtl(mm) 10.82 K= —2416
(mm) (in air) 2.12
Lens fofal length(mm) (in air) 71.86 A4 = -3.383956-05, A6 = —3.57963e—-07, A8 = 2.59868¢—08
50 8th surface
k=-4.028
Example 76 A4 = 2.66890e-05, A6 = 7.32902e-07, A8 = 2.65023e—08
16th surface
55 k=-0.019
A4 =8.97367e-05, A6 = -1.03233e-06, A8 = 7.72299¢—09
Unit mm 17th surface
Surface data k=-1.855
A4 = 1.90242¢-05, A6 = -6.72839e-07
Surface no. T d nd vd ogf 60 18th surface
1 -6.594  2.71 1.53368  55.90  0.563
2% ~15.141  0.05 k=0.000
3 22089 391  1.84666 2377  0.620 A4 =9.30171e-06, A6 = 3.12746e-07
4% -18.712 270 19th surface
5% -17.254 110  1.58364 3030  0.599
6* 34.657  0.11 65 k=-1.268
7t 12.140  3.83  1.49700 81.61  0.538 A4 = -1.758256-05, A6 = —1.24240e-07, A8 = 6.25523e—09
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Unit mm Unit mm
20th surface 20% -13.626 0.52 1.58364 3030  0.599
5o -361.234 1.85
k =0.000 2% 16.895 1.87 1.63490  23.88  0.630
A4 = -2.42353e-06, A6 = -2.15990e-06, A8 = 7.78426e-09 23% -23.260 5.30
21th surface 24 -7.198 0.46 1.53368 5590  0.563
25% -10.330 1.16
k =0.000 26* -5.492 0.50 1.53368 5590  0.563
A4 =2.55273e-05, A6 = -1.61257e-08 10 27% 18.144 2.00
22th surface 28 © 0.30 1.51640  65.06  0.535
29 © 0.81
k=-7.622 Image plane @
A4 = -3.41674e-06, A6 = -3.51619e-08, A8 = 5.04095¢-09,
Al10=-4.72437e-11 Aspherical surface data
23th surface 15
1st surface
k =0.000
A4 = -8.30630e-05, A6 = 3.95126e-08, A8 = 3.41864e-09, k=-3.978
A10 = -2.19047e-11 A4 = 6.83164e-05, A6 = 1.94032e-05, A8 = 1.33454e-07
24th surface 2nd surface
k =0.000 20 k=-58.626
A4 = -6.73311e-04, A6 = 3.53688e-06, A8 = 6.26103e-08, A4 =7.53903e-04, A6 = -2.26638e-05, A8 = 1.17000e-07
A10 =-2.83370e-09 3rd surface
25th surface
k=-1.266
k =-31.496 A4 = -2.77500e-05, A6 = 6.78520e-07, A8 = 4.37879%e-09
A4 = -2.03990e-04, A6 = -1.56737e-06, A8 = -7.81513e-08 25 4th surface
26th surface
k =-3.007
k =0.000 A4 =1.25194e-05, A6 = 2.27427e-06, A8 = 9.94944e-10
A4 =4.15201e-04, A6 = -1.51111e-06, A8 = 1.73325e-09 5th surface
27th surface
30 k=0.000
k=-182.577 Ad =1.27950e-04, A6 = —1.46201e~06, A8 = —1.05504e~07
A4 = -7.13102e-04, A6 = 1.05027e-05, A8 = -1.26316e-07, 6th surface
A10 = -4.92836e-11
Various data k=0.000
A4 = -1.14481e-04, A6 = -3.81661e-07, A8 = -1.23805e-07
NA 0.23 33 7th surface
Magnification -1.34
Focal length 7.83 k=-1.950
Image height(mm) 7.46 A4 =-9.72173e-06, A6 = —4.81006e-06, A8 = 1.46505e-07
fb(mm) (in air) 4.36 8th surface
Lens total length(mm) (in air) 55.30 40
k=-4.052
A4 =1.27783e-05, A6 = 1.17082e-06, A8 = 9.41636e-08
16th surface
Example 77
k=-2.587
45 A4 =7.94127e-05, A6 = 2.33251e-09, A8 = -2.69891e-08
17th surface
Unit mm k= 0444
Surface data A4 = -2.36239e-05, A6 = 3.53777e-07
18th surface
Surface no. T d nd vd Ogf 50
k =0.000
1* -5.961 2.31 1.53368 5590  0.563 A4 =2.69183e-035, A6 = 7.42095¢-07
2% -24.609 0.05 19th surface
3% 17.837 2.80 1.84666  23.77  0.620
4% -14.424 1.82 k=-0.016
5% -15.035 046 1.58364 3030 0599 g5 A4 =-7.15117e-05, A6 = -3.49750e-06, A8 = —9.15827e~10
6* 3512.460 0.05 50th surface
7* 9.702 3.32 1.49700  81.61  0.538
S* Szgg (1).23 1.61800  63.33  0.544 k=-1384
10 s 7ea 070 L7047 3491 0383 ;\fﬂl_siffZSOe—os,As = -8.92246e-06, A8 = 7.34778e-08
11 9.829 3.18
12 (Stop) w 0.25 60
13 -19.695 070 172047 3471  0.583 k=0.000
14 12.012 1.60  1.61800  63.33  0.544 A4 = 559543605, A6 = —-9.82470e-07
15 -12.780 0.05 22th surface
16* 18.475 2.02 1.49700  81.61  0.538
17* -13.500 0.03 k=-9.050
18*% 11.482 2.43 1.49700  81.61 0538 65 A4 = 2.70247e-05, A6 = 7.50428¢-07, A8 = —7.24965¢-08,

-27.656

Al0 =1.48867e-10
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Unit mm Unit mm
23th surface 5 Aspherical surface data
k =0.000 1st surface
A4 =-3.00084e-05, A6 =-9.41421e-07, A8 = —1.23680e-08,
Al10 =-4.67028e-10 k=-3.753
24th surface A4 =1.53644e-04, A6 = 3.51095¢-05, A8 = 3.76371e-07
2nd surface
k=-0.035 10
A4 =-1.97646e-03, A6 = 3.98966e-05, A8 = —7.44586e-07, k=-52.983
Al10 =-1.49643e-08 A4 =1.19282e-03, A6 = -4.36922e-05, A8 = 4.49809¢-07
25th surface 3rd surface
k =0.000 k=-1.023
A4 =3.47230e-05, A6 =-6.91721e-06, A8 = —6.57343e-08 15 A4 =-433927e-05, A6 = 1.26681e-06, A8 = 1.69670e-08
26th surface 4th surface
k =0.000 k=-2.862
A4 =3.62836e-06, A6 =9.62479e-06, A8 = —6.05415e-07 A4 =8.92430e-06, A6 =4.43110e-06, A8 = —2.90479¢-08
27th surface 5th surface
k=-77.408 20 k =0.000
A4 =-1.88100e-03, A6 = 3.52845e-05, A8 = —1.48363e-06, A4 =1.82796e-04, A6 = -3.80553e-06, A8 = -3.13184e-07
Al10=1.10111e-08 6th surface
Various data k =0.000
A4 =-1.74059e-04, A6 = -1.12245e-06, A8 = -3.34962e-07
NA 0.22 25 7th surface
Magnification -1.34
Focal length 5.46 k=-2.012
Image height (mm) 5.33 A4 =1.52723e-05, A6 =-8.41101e-06, A8 = 3.66174e-07
fb (mm) (in air) 3.01 8th surface
Lens total length (mm) (in air) 39.44
30 k=-3.986
A4 =8.69409e-06, A6 = 1.21957e-06, A8 = 2.32185e-07
16th surface
Example 78 k=-1.895
A4 =1.31025e-04, A6 =-4.14291e-07, A8 = -1.11771e-07
35 17th surface
k=-0.030
Unit mm A4 =5.11989e-06, A6 = 1.41228e-06
18th surface
Surface data
40 k =0.000
Surface no. T d nd vd Ogf A4 = 3.58772e-05, A6 = 3.68790e-06
19th surface
1* -5.094 2.25 1.53368 55.90 0.563
2% -21.978 0.05 k=-0.665
3% 14.759 2.61 1.84666 23.77 0.620 A4 =-9.13946e-05, A6 =-9.02423e-06, A8 = -1.32639e-07
4% -12.484 1.35 20th surface
5* ~12.647 0.50  1.58364 3030 0599 45
6* -300.282 0.05 k=-0.869
7* 8.853 2.98 1.49700 81.61 0.538 A4 =9.86704e-05, A6 =-1.97220e-05, A8 = 3.10896e-08
g* -6.900 0.75 21th surface
9 -25.846 1.61 1.61800 63.33 0.544
10 -5.005 0.70 1.72047 34.71 0.583 k =0.000
11 8.524 2,75 50 A4 =1.09340e-04, A6 = 1.74012e-06
12 (Stop) ® 0.24 22th surface
13 -16.089 0.70 1.72047 34.71 0.583
14 10.367 1.58 1.61800 63.33 0.544 k=-7.881
15 -11.398 0.05 A4 =4.76596e-05, A6 =1.36921e-06, A8 = -6.41081e-08,
16* 14.113 1.91 1.49700 81.61 0.538 Al10 =-1.98830e-09
17* -13.179 0.05 55 23th surface
18* 12.193 2.41 1.49700 81.61 0.538
19* -16975 056 Kk = 0.000
;?* _1;;3? ?-‘612 1.58364  30.30  0.599 A4 = ~1.16502¢-04, A6 = ~1.10099¢-07, A8 = ~1.34141e-08,
22% 14.750 1.84 1.63490 23.88 0.630 ;\41;1)1 gurllaf:3206 09
23* -19.850 4.58
24 8763 050 153368 5590 0563 O
25 22584 125 k=-0.003
26 -5.430 0.50 1.53368 55.90 0.563 A4 =-2.69363e-03, A6 =5.72972e-05, A8 = -2.11668e-06,
27 17.171 1.00 Al10 =-1.79590e-08
28 @ 030 151640  65.06  0.535 25th surface
29 @ 1.30
Image plane @ 65 k =0.000

A4 =-1.49191e-04, A6 = -1.19921e-05, A8 = —8.57893e-07
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-continued -continued
Unit mm Unit mm
26th surface 5 8th surface
k=0.000 k=0.000
A4 = ~2.57594¢-04, AG = 1.16204e-05, A8 = ~9.02596e-07 Ad =8.05284¢-05
16th surface
27th surface
k=-0.579
k=-68.041 10 A4 =7.50799e-06
A4 = =2.659300-03, A6 = 7.918696-05, A8 = —3.96242¢-06, 17th sutface
A10 =4.79066e-08
k=0.000
Various data A4 =-8.03928e-05
18th surface
NA 0.23 15
Magnification -1.33 1[::1 2.206020426—04
Focal length 4.88 19th surface
Image height (mm) 4.75
fb (mm) (in air) 2.50 k= 0.000
Lens total length (mm) (in air) 36.35 20 A4 =2.02927e-08
20th surface
k=0.000
A4 =1.22996e-05
Example 79 21th surface
25 k=0.000
A4 =1.31433e-04
22th surface
Unit mm
k=0.000
Surface data A4 =1.29005e~10
30 23th surface
Surface no. T d nd vd Ogf
k=0.000
1* 29.347 3.01 1.84666 23.77 0.620 A4 =-8.96164e—-11
o -36.004  0.10 24th surface
3 -397.741 0.70 1.65412 39.68 0.574
4 21.124 0.10 35 k = 0.000
5% 19.426 4.27 1.49700 81.61 0.538 A4 =3.63415e-11
6 -31.982 0.10 25th surface
7 20.342 3.53 1.49700 81.61 0.538
8* -22.961 0.10 k= 0.000
9 -172.666 2.93 1.61800 63.33 0.544 A4 = -8.06302e-04, A6 = —6.85664e—-06
10 -11.505 0.70 1.72047 34.71 0.583 40
11 24.226 0.79 Various data
12 (Stop) @ 0.17
13 —-243.374 0.70 1.90366 31.32 0.595 NA 0.38
14 9.660 3.41 1.61800 63.33 0.544 Magnification -2.20
15 -43.351 0.10 Focal length 5.02
16* 11180 450 149700 8161  0.538 Image height (mm) 492
17* -10186.757 8.48 45 fb (mm) (in air) 250
18 719997 070 149700  8L.61  0.538 Lens total length (mm) (in air) 54.08
19% 13.006 6.32
20% 13.192 3.44 1.58364 30.30 0.599
21%* -15.080 3.70
20t -9430 081 149700 81.61 0538 Example 80
23* 10.877 2.39 50
24%* -10.747 0.51 1.53368 55.90 0.563
25% -3339.876 1.75
26 ] 0.38 1.51640 65.06 0.535
27 @ 0.50 Unit mm
Image plane @
55 Surface data
Aspherical surface data
Surface no. T d nd vd Ogf
1st surface
1 —-4.006 2.23 1.53368 55.90 0.563
k =0.000 2% -5.643 0.10
A4 =1.00145e-05 60 3% 25.874 2.62 1.84666 23.77 0.620
2nd surface 4 -8.470 0.46
5 -9.951 0.50 1.58364 30.30 0.599
k =0.000 6 31.833 0.10
A4 =4.66734e-05 7* 15.267 2.87 1.49700 81.61 0.538
Sth surface 8* -7.030 0.10
9 11.408 2.73 1.61800 63.33 0.544
k =0.699 65 10 -5.135 0.70 1.72047 34.71 0.583
A4 =2.24508e-05 11 5.898 1.39
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Unit mm
12 (Stop) o 0.95 5 Unit mm
13 -13.978 070 172047 3471  0.583
14 12361 2.62  1.61800  63.33  0.544 Surface data
15 -9.042  0.05
16% 13.037  3.38 149700  81.61  0.538 Surface no. r d nd vd ogf
17% -8.022 185
18* 60.912 050 158364 30.30 0599 g 1 -4999 250 1.53368 5590 0563
19% 10361  4.64 2% -7.791  0.10
20% 7.593 2.80 1.63490 23.88 0.630 3* 26421 2.58 1.84666 23.77 0.620
21 57.244 384 4 8717 045
2 9323 050  1.53368 5590  0.563 5 -16546 050 158364 3030 0599
6 7490 018
23 402242 1.68
*
24 -6.000  0.50  1.53368 5590  0.563 15 ;* _Z";g‘l‘ 3?(1) 149700 8L.61 0338
25% 39.607  0.90 9 8184 260  1.61800 6333  0.544
26 @ 030 1.51640  65.06  0.535 10 9417 070 172047 3471 0583
27 @ 0.50 11 5248 1.3
Image plane @ 12 (Stop) o 1.08
13 -8.120 070  1.72047 3471 0583
Aspherical surface data 20 14 263.853 2.25 1.61800 63.33 0.544
15 -8.897  0.05
nd surface 16% 14031 332 149700 81.61  0.538
17% -8.260  0.05
18% 16860 179 149700  81.61  0.538
k=0.000 19 32221 0.80
A4 =2.35623e-04 25 207 38453 050 158364 3030 0599
3rd surface 1% 8351 3.63
22% 6933  2.65  1.63490  23.88  0.630
k =0.000 23 26.183 493
Ad = -2.82645e-04 24 —-6.000 0.50 1.53368 55.90 0.563
Tth surface 25% 12318 201
0 26 o 030 151640  65.06  0.535
k = 0.000 f7 ® 0-30
mage plane @
A4 =-2.81954e-05
8th surface Aspherical surface data
k =0.000 35 2nd surface
A4 =5.97163e-04
16th surface k=10.000
A4 =1.99427e-04
Kk = 0.000 3rd surface
A4 =-3.21151e-04 k= 0.000
17th surface 40 A4 = -3.99767e-04
7th surface
k =0.000
A4 =4.81608e-05 k=0.000
18th surface A4 =-2.57298¢-04
8th surface
k =0.000 43 k= 0,000
A4 = 1.49059e-04 A4 =4.27793e-04
19th surface 16th surface
k =0.000 k=0.000
A4 =-1.11086e-04 50 A4 =-2.36647e-04
20th surface 17th surface
k=0.000
k=0.000 Ad = -2.67152¢-05
A4 =-1.48114e-04 18th surface
25th surface
55 k=0.000
k =0.000 A4 =2.23589e-09
A4 = -8.65591e-04, A6 = -1.95796e-05 19th surface
) k=0.000
Various data A4 = -2.43051e-09
NA 032 60 20th surface
Magnification -2.00 k = 0.000
Focal length 372 A4 =—-1.76676e-04
Image height (mm) 3.87 21th surface
fb (mm) (in air) 1.60
Lens total length (mm) (in air) 39.40 65 k = 0.000

A4 =-4,16810e-04
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-continued -continued
Unit mm Unit mm
22th surface 5 16th surface
k =0.000 k=10.000
A4 = -2.89542¢-04 Ad = -5.25327e-04
25th surface 17th surface
k=0.000
k =0.000
10 A4 =1.12098e-04
A4 =-8.76890e-04, A6 = 6.34071e-06 18th surface
Various data k= 0.000
A4 =-1.70703e-05
NA 0.32 19th surface
Magnification -2.00 15
Focal length 4.27 k= 0.000
Image height (mm) 3.87 A4 =-4.89824e-04
fb (mm) (in air) 2.70 20th surface
Lens total length (mm) (in air) 39.40
k=0.000
20 A4 =-3.06971e-04
23th surface
Example 82 k=0.000
A4 =-1.00102e-03, A6 = —4.72860e-06
Various data
25
Unit mm NA 0.32
Magnification -2.00
Surface data Focal length 4.22
Image height (mm) 3.87
Surface no. T d nd vd ogf fb (mm) (in air) 2.70
30 Lens total length (mm) (in air) 39.40
1 -5.000 2.61 1.53368 55.90 0.563
2% -6.052 0.10
3% 29.971 2.45 1.84666 23.77 0.620
4 ~8.900 0.10 Example 83
5 -12.880 0.50 1.58364 30.30 0.599
6 15.407 0.28 35
7 14.854 280 149700  81.61  0.538 Unit mm
8* -7.113 0.10
9 10.444 2.55 1.61800 63.33 0.544 Surface data
10 -6.908 0.70 1.72047 34.71 0.583
11 5.463 1.42 Surface no. T d nd vd Ogf
12 (Stop) @ 1.00 2
13 -10.334 0.70 1.72047 34.71 0.583 1* -8.255 2.60 1.53368 55.90 0.563
14 16.417 2.68 1.61800 63.33 0.544 2% -14.196 1.24
15 -7.780 0.05 3% 101.410 6.01 1.84666 23.77 0.620
16* 12.572 3.57 1.49700 81.61 0.538 4% -20.773 6.49
17* -7.222 1.66 5% -16.458 1.50 1.58364 30.30 0.599
18* —-222.930 0.50 1.58364 30.30 0.599 6* 115.582 0.05
19% 9.006 3.98 45 7 25.167 4.74 1.49700 81.61 0.538
20% 7.379 2.73 1.63490 23.88 0.630 8* -58.962 0.05
21 40.501 5.73 9% 108.206 3.90 1.49700 81.61 0.538
22 —-6.000 0.50 1.53368 55.90 0.563 10%* -18.035 2.69
23%* 11.000 2.01 11 262.420 3.93 1.61800 63.33 0.544
24 ] 0.30 1.51640 65.06 0.535 12 -14.956 0.59 1.72047 34.71 0.583
25 B 0.50 50 13 30.541 6.11
Image plane @ 14(Stop) @ 1.38
15 -26.136 0.63 1.72047 34.71 0.583
Aspherical surface data 16 63.605 2.51 1.61800 63.33 0.544
17 -37.610 0.05
2nd surface 18* 76.408 4.37 1.49700 81.61 0.538
55 19% -22.777 0.05
k =0.000 20% 44.456 5.20 1.49700 81.61 0.538
A4 =-1.05936e-11 21%* -44.738 3.37
3rd surface 22% -32.651 0.69 1.58364 30.30 0.599
23%* -325.190 0.05
k =0.000 24%* 27.615 4.73 1.63490 23.88 0.630
A4 =-3.54087e-04 25% -102.253 19.80
7th surface 60 y6 -14.459 070 153368 5590 0563
27* -111.000 2.16
k =0.000 28%* -17.656 1.10 1.53368 55.90 0.563
A4 =-4.91474e-04 29% 110.376 1.20
8th surface 30 ] 0.30 1.51640 65.06 0.535
31 ] 0.50
k =0.000 65 Image plane @

A4 =2.22934e-04
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Unit mm Unit mm
Aspherical surface data 5 26th surface
1st surface k=-0.383
A4 = —7.301496-05, A6 = 4.72395e-07, A8 = —3.56824e—09
k=-1.539 27th surface
A4 = 1.48943e-05, A6 = -3.89277e-07, A8 = —3.16495¢-10
2nd surface k =0.000
10 A4 =3.59150e-05, A6 = —3.31847e-07, A8 = -8.89867e—10
k=-2.553 28th surface
A4 = 8.26430e-05, A6 = -3.70903e-07, A8 = —4.35290e-10
3rd surface k =0.000
A4 = 5.68566e-05
k =0.000 25th surface
A4 =5.57538e-06, A6 = 3.09183¢-09, A8 = —~7.06884c—12 15
4th surface k=-1058.583
A4 = -1.26430e-04, A6 = —5.45019¢—-09, A8 = 6.66594e-11
k=-0.148 -
A4 =1.09741e-05, A6 = 4.10988e-08, A8 = —1.79459%-11 Various data
5th surface 0 NA 033
Magnification -1.32
k=-0.223
Focal length 9.91
A4 =2.76548e-06, A6 = 9.37309¢—08, A8 = 1.06388e—10 Image height(mm) 1082
6th surface fb(mm) (in air) 1.90
Lens total length(mm) (in air 88.59
k =-29.473 gth{mm) (in ain
A4 =-5.120186-06, A6 = —1.66723e-08, A8 = 2.66467e—10 25
7th surface
k=-2.649 Example 84
A4 =2.86256e-06, A6 = 6.931966—08, A8 = 2.24500e—10
8th surface
30
k =0.000 -
A4 = 4.466466-06, A6 = 2.43563e-08 Unit mm
9th surface Surface data
k =0.000 35 Surface no. T d nd vd Ogf
A4 = —6.369336-06, A6 = —6.27240e-09
10th surface 1 5.522 332 1.49700  81.54 0537
2 -4.753 070  1.72047 3471  0.583
k =-3.004 3 -6.534 0.05
A4 =8.21883e-06, A6 = 8.918776—08, A8 = 6.92116e—11 4 -11.725 1.03  1.53368 5590  0.563
18th surface 40 5% -2.515 0.35
6* 2.408 1.07  1.58364 3030  0.599
k =0.000 7% 1.032 134
A4 =5.10610e~06, A6 = —7.42857e-08, A& = ~1.54961e-11 8(Stop) o